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IimiODUCTIOlT 
Tho )iumufacturo of ci'oom chooso spi'oads is a relatively novf branch 
of the daixy industry. As v.dth vai'ioiis other dairy products, certain 
bacteriological dofocts have appeared in creoxi checeo spreads and -Uiose 
reqxiire study in order to devolop control methods. 
Crean cheeso spreads consist of creani clieose to v/nicli voa-ious 
materials havo been added to ^ive a vai'ioty of flavors. Tli© mixtures 
ai'o heated to a relatively hig^i tomporature for a short tiiae naid packed 
in jars v.^iioh are often vacuum sealed. Sinco the prodvicts are 
packed hot and comj:ienly sealed imder a vacuim, it v/ould be expected that 
any bacteriological defects v/hich developed wore probably caused by an­
aerobic spore fenaing erEcmisms. 
Gas foiranation mid liquefaction Eire the defects vrhich have been most 
common in croeua chooso spreads. In the imst, neither of those defects 
has caused serious economic loss. Eovrevor, the sale of one jar of de­
fective spread may result in -blio less of tlie customer. For this reason 
an investigation VjUS made in an attempt to determine the nature of the 
orcanisms responsible for those dofocts a:id to develop methods for pre­
venting the occasional appeai'an.ce of a defective Jar of spread. 
STATEUEIW OP PROBLIM 
Tlio purposQS of this Investigation v;ero; 
1» To isolate and etudy the organisra or organisms causing 
gas formtion in croata cliooso sj^reads caid to devolop a nothod of 
provonting tho dofoct conraorcially. 
2« To isolate luid study tho organism or orgonisao causing 
liquefaction in croara cheeoe cpreads and to doToloy a method of 
proTGixting the dofoct comaorcially. 
REVIEW OF LITERATmB 
Rodolla (15) fotmd anaerobic bactoria prosont in milk in numboi's 
from 1 to 3 por 0»1 cc, (10 to 30 por cc.)« Wolff (20) isolated on-
aorobio bactoria from 1 cc. portions of lailk but only obtained ihom onco 
from a 0»1 cc. samplo. 
Bortliol (3), in discussing the occurronco of obligate anaerobic 
bacteria in milk, reported tlmt iiioy aro almost always presenb in small 
numbers in milk handled in the oi^dinary maiiuer, but tliat ho vnxs often 
unable to obtain them from 15 to 20 oc« samplea. lie otated tliat, in 
jjonoral, these anaerobes con bo di-ridod into tv/o {pi'oups} the butyric 
acid bactoria of Schattenfroh and Graasberger and Bacillus putrificus 
(Bienotock). He concludod tliat no direct roLationsliip existed betiTOon ihe 
hycionic nat\.iro of milk and the loreGonce of obligate anaerobes. 
V'einzirl and Yeldee (18) Guggested the use of Clostridium sporogenes 
as on index of manural pollution in milk sinco it oan bo employed v/ith 
eitlier ravj- ca* jiasteurized milk. The raothod of detormimtion advocated by 
them consisted of sealing 5 or 10 cc. of milk in a test tube with poa'affine 
and heating to 00° C, for 10 minutes. After incubation, digestion vri-th 
gas indicated the iresenoe of Clostridium sporogeoies, vviiilo digestion v/ith-
out gas indicated the ijresence of Bacillus vulgaris* Tfeinzirl and Veldee 
estimated by tJiis motliod tliat from 33 to 35 Clostridiian sporogones cells 
are ijresent por liter of average milk. 
Tfyant and Konnington (21) reported that the grov-Hih of tho spores 
of Clostridivng botulimjm ms not inhibited by salt conoeaib rations frora 
1 to 10 per cent in an alkaline modivna vdth a roaotion of -0,5 per cont, 
but tliat the spores tirero not nearly so reaistant in an acid inodium.-
IToiss (19) found that sodiuni chloride lov/erod 1iie heat resistance 
Clostridium botulinim oporos and tliat as tlie salt concentration 
increased from 0.85 to 30 per cent -tiio heat resistance decreased quite 
rapidly; however, lio did not report anjr control culture in v.iiich no salt 
vnxs added, so it is not evident v.how tlie lovrest concont ration compared 
v/dtli iio salt. 
Esty and Meyer (lO), in a studjy on tho heat resistEaico of -tdie 
spores of Clootridixan. botulinum, sliovred tliat from 0.5 to 1 per cent 
sodium chloride increased t!xe heat rosistaiKje of tiie bparos, but -that tho 
prcrbective action \7as lost at 2 per cent. From 2 to 0 per conb sodixm 
chloride had little or no effect, bufc concentrations above 8 j^xsr cent 
greatly decreased tho heat roaistonce. A x'hosphate bxxffer mixture also 
exliibited a striking la-crbective action. 
Viljoen (16) studied -hlie effect of sodium chloride on tho tliormal 
death rato of bactorial spores in poa liquor and found tliat tho inaxir,ium 
protective action of sodium chloride \ms in the range of 1 to 2.5 per 
cenb. A 3 per cent aolufcicc had a slight protoctivo action, but as tho 
concentration v/as incroasod above tliis point •t3ioro was a marked increase 
in tho toxicity of Hie salt. 
Idatheson (M) stated before tho ITorld's Daii*y Con{.;reas in 1923 that 
ho had isolated a spore forminc cas pi'oduoing anaerolx) fi'om a llissler 
choose ctnd. tliat it vould roproduco tho defect vjiion it \ms inoculated 
into milk usod to make SvflGS clieoso. Ho roported tliat tiio arconism 
could not TDG chockod by high heat or any other rothod v/iiich ITD triod. 
At the csaino mooting, Burri (4), in his papor on tho relation of silago 
feeding to Svjias cheese made from tho milk producod, stated that the 
butyric acid bacilli uaually caiterod milk ond clieeso in tho fom of 
sporos, and tiiat the spores in cheese did no harm, bub upon gormination 
produced tlio very undesirable products, gas and butyric acid. lie stated 
furtlior.: 
"Similar exiDoriences are had, at least in Sv/itzorland, 
v/ith Dgcillua putrificus» This organism possesses a very 
dangerous oliaracteristic, inasmuch as it can, vdth complete 
exclusion of air, dissolve tlie casein anil tfius sepai*ate out 
tlic strong-smelling and strong-tasting by-products of metabol­
ism. Hie sjjoros of tlioso bacilli are vddoly spread in imtttro; 
and inasmuch as they oro containod in the feces of domestic 
animals, it is not surprising to find -llioin. in milk and dieeso. 
In our ovm experiments mth IJmriiental cheese iiiey vroro found 
regularly, but in small numbers. It is iBq^)oi-tant and fortunate 
that they are not able to grovr and reproduce oxcepb under 
especially favortxble conditions, llov; end -then, but only seldom, 
certain cheeses from a creaiaorj'' shovr defects, namely, parts of 
•l±ie inside appear vjhite and ci*umbly, with large irregulai' holes, 
and have a bad taste and smell vhich permeate tlio good parts. 
The bacteriological examination of such cheese, as a rule, shows 
tho pr osence of q) ore-forming Bacillus putrificus and sudi cases 
vrare at once called putrificus cheese. Under vhat conditions 
tlie usually harmless putrificus bacilli forraent in tlie cheese 
and cause bad results is yet to be determined." 
In studios on a strong acid and bitter flavor in pimento cheese, 
V/arron (17) found that nine samples of tlie defective cheese contained 
Clostridium butyricum; tho clieese v/as a soft, uiiriponed cheese of the 
Woufchatol typo. The acid and bitter flavor rroro alv-uys accompanied 'ijy 
an increase in tho volatile acid of the chooso, Yfarren vras able to ro-
T)roduce tho defoot oxporinontally by inoculating normal choeno vri.th 
Cloatridium bu-byricum^ Ho noted tliat lioat shocked sijoros produced a 
more active femiontation than unhoatod spores and tlmt for tiiis reason 
pasteurization merely acted as a stiiiiulant to the grOTrfch of the or can-
ism. ITarren also found tliat tlie action of Clostridium butyricuKi and 
Streptococcus lactis in combination vjas creator tlian tlic action of the 
anaorobe alone. 
Albus (l) reported -iiao isolation of a non-pathogonio strain of 
Clostridium vfolchii from a Sv/iss choose v/iiich showed inbnoirinal gas for­
mation. Experimental cheeso raado from milk inoculated vath -fcliis organ-
iom developed both "niszlor" and "presslor" tjTpoo of formDnto-tion. 
Albus and Ayors (2) reported an outbrealc of gassinoss in pimonto 
choose. They found that tho gassinoss could bo iirovoiibed by rcanoving 
tho carbohydrates from tho pir.icaitos. Thoy stated: 
"Certain anaerobic sporo-forming bacteria are usually 
rosponsiblo for the gassy fennonbation in relieatod clieese 
products to vhich pimentos liavo boon added to obtain vai'iety. 
The source of those bacteria may bo from the cheeso from 
\viiioh the product is made. Si^oro-forming bactoria liavo becia 
frequently isolated from cheese and in tho spore state those 
bactoria sm'vive the temperatvires of jirocesGing. Because of 
the destruction by t!ie heatiiig process of practically all of 
the other types of organisms in tho cheese, goi*mlnation and 
subsecmont gro^vth of -iiio anaorobes proceeds vath little com­
petition. Certain cocci viiich aa*o knovra to survive tho heat­
ing iirocesG multiply quite rapidly in tlio rinislied cheeso 
product but tlieso apparently do not interfere v/ith the develop-
mont of gas-producing bactoria." 
Tlioy stated flirther: 
"It is possible, then, to pi'otoct reheated or processed 
cheese products from contamination v.dth gas producing bacteria 
from ovory source exooj^t tho choose itself. Contonilnation 
-lO^ 
from this courco night also bo oontrollod mid cC'SGy fer­
mentation i')rovciAod if it vfore economically posciblc to usg 
only tho bost quality of dioeso. Inacnuch as a certain amount 
of poor qualitj,'- choose is alvrexys usod, tho possible prcsonce 
of gas-produciiiG bactoria must bo accepted. Storilization of 
tho finished product is obTriously ixapoasiblo. It reiiiaina, thore-
fore, to render tho product less favorable as a nodia for tlie 
devoloxmont of tiao gas-pi*oducing bactoria if ihc fonnontation 
is to be prevented. This vms attcanpted by removing the foiment-
ablo cai'bohydrato from tho pimentos. In the aboonce of a 
fermontablo sugar a gassy feraontation is not likoly to take place. 
Certain anaorobic gas-produeors can utilize lactates v/ith tho 
production of gas; but -liiis rarely occurs unless very yoimg choescn 
aro used." 
Irvdji aiid Harrison (IS) studied the bacteriology of process cheeso. 
Tlioy found I.Iicrococcus varians to bo tho most common typo of organism 
in this product. A very snail poi'tion of -Uio orgajiisms in tho process 
choose vrore npoi'c producers. Dacilluo subtilis. Bacillus corusj Bacillus 
mycoidos and Bacillus mesontoricus vroro tlio fovir sporo fonning bacteria 
most commonly present. In a sample of pimento process choese, 94.8 
per cenb of "Ihe argonisms vrare found to bo Streptococcua lactis, even 
though tho cheese vjas supposed to have been heated to G80 c. for 10 
minutes. 
Hussong and Ilaramor (11 and 12) roj^orted tJiat thoy found anaerobes 
to bo relatively common in dairy products, and suggested •lliat tlie rapid 
devolopmont of anaerobes In milk In \iilch conditions have been made 
favorable for "liioir grovrfch Indicates liiat tlio restraining action of 
various factors is important in preventing grovrbh under ijractical con­
ditions • 
Cslszar (G), in 1931, stated that tho oifganlsms moot commonly foiuad 
in process cheeso aro the same as tliose found in raw choose> namely, the 
-11-
Gti*optocooci and Inctobacilll. Othor typos viiich ho found to bo 
common ai*o tho butyric acid oa-f^raiisras, tlic aei-obic hay and potato 
bacilli, lioat rocistant cocci, rods, yoasts, cmd moldo. lie statod 
fvirthor tlmt tlio mttnljors and kinds of oi"C£i3iisiiia depend upon tho rav; 
chooBo, the tomporatiu'o and duration of procosaing, and tl^e ago of 
tho process chooso. Tho counts obtained on process dioeso voriod 
from 0 to 310,400,000 per graja and averaged 19,500,000. Csiszar 
foimd iiiat tho bactcrial counts v/ore reduced from 99.9 to 100 por 
cent by boating at 65° to 80® C. for from 5 to 25 minutes. Immodiato-
ly after procoss choose v/as nadc tiiero \ms a \-eYy rqiid increase in 
the numbers of- organisms in it. 
In 1932, Csiszar (o) reported a 3tU(^'- of tlie sporo fcrraing 
bacteria associated v/ith swelling in procoss cheese. lie found that 
Bacillus sporoF-.oPosj Bacillus putrificus and Bacillus sacchnrobutyricus 
are the orgonisns most coEBnonly associated v/ith tho dofoot ard. llio-t, 
in 94 por cent of iiio cheeso o:::Qrd:ied, the dofoct v/as caused by 
Bacillus aporogenos. In tho somo year Csisaar (7), statod that in most 
casos of gas development in procoss cheeso tlX! causativc organism vm.s 
one of tho tla-oe mentioned abovo, and tliat tho organisms causing gas 
formation ia cheeso made from ravr milk scarcely ever give any trouble 
in procoss chooso duo to tho higli tompora-tmros employed in tiio irocessing. 
Iia 1933, Csiszar (9) reported data on tho resistance of Dacillus 
sporogonos. Bacillus putrificus and Dacillus saccliarobutyricus to lieat, 
acid, and preservatives. Ho gave -Uie following results an hoat rosistanco 
-12. 
Organism Tine of survival . o,t 
GOO c. 700 c. 80° C. 900 c. 1000 c. 
BaoillviG sporogenes 72 lu'C. 24 lirs* 2»G lira. 50 min« G min. 
Bacillus putrificus 70 min. 60 min. 50 min. 50 nin. G min* 
Bacillus snccharobu'byricuo 30 min. 00 min. 00 rain. 50 min* G min* 
Csiosar concludctl tliat ainco tho o:qioaiires diovai nbovo comiot 
"bo usod T/liJaout influoncing tho quality of tlio chooso it is nob poosiblo 
to destroy tlio ortjQiaiBias in i^rocess chooco by hoat alono. Ho faxnd the 
Eiiiiinium. pll values jramitting £;eniilnation of -blio ai)oroa of HiiG tliroo 
spocios to bo: 
Bacillus sporogenes 4»8S 
Bacillus putrificus 4»88 
Bacillus saccliarobutyrious 4*88 
Since cheese does not molt normally v/hen tho pII is as lovr as tlio values 
given, but boooaaos a granular paoty xiass, Csiszax- conclMod -tiiat the 
regulation of the pH could not bo used as a noans of controlling tho 
organisms. lie included in tliis v/ork a study of several ireservatives, 
all of viiich failed to give oatisfactory results, and only one of v^iich, 
sodium, cliloridoj could bo used legally in tho United States. lie report­
ed that it tool: from 7 to 8 per oent aodiim chloride to inliibit the 
grovrth of spore bearing organisms, and since such a ccsa cent ration is 
too high for comniorcial use, ho concluded that sodium cliloride could 
not bo used to prevonfc gas production in process dieeso. 
-13' 
Corbott, lYazior and Price (O) presented a papor on a f;asGy 
defoct in croam choose at tho neoting of tho Anorictm Baii-y Gcionoo 
Associo.tion in 1935» Thoy fovmd tho causativo organisin to be rv 
BUcrosG fontiontinc yco.st. 
-14-
GEIHGRAL IffiTnODS 
pll dotenaim-bions 
TliG dotorminationo v/oro rKJ.do oloctromo-bi-ically, using a 
qiiialiydrono olootrode. . 
Goaling tho cultures to oxoludo air 
Fumy of iiae culturos vforo sealed vritli a pai'affino-Taoclino 
plu|2 about 1 in. thick to exclude air. Tlio paraffino-vacelino 
Eiixburo \mD :nade up of approxiniatoly 50 per ceiib paraffino and 50 
per cont Trasolino, and brouglat to a boil just before it \ms ijlacod 
on tho nodium by mecms of a storilc pipette. Inmost cases tlie rAcdium 
vro.s lioated just prior to inoculation or v/as lioatod after iiaooulating 
and sealing. 
Preparation of pe ptono-litmuG milk 
Poptono-lrbmus milk vms skin milk to vhich litmus and 0.5 per 
cont poptone wore added. Tho poptone-litmus milk v<-ac sterilized in 
Oil autoclaTO at 15 lbs. prescvire for 20 minutes. 
-15-
Tonting tlio action of an orconian in creon cliooco c^road 
In order -bo prove iixat on crganism. ioolatod from, dofoctivo 
cheeso spread \ma tlio caixsative agcnb, it wae nocossai-y to i-oproduee 
tho defect in storilo choose cx>rcad vii ich wao ainilar in general 
corriposition to "llio qrread origiiially ahov/ing the abnormality. Tho 
spread uced in testing tho action of various at'Eanisms had tlio 
follovrinj;; composition! 
600 gm. of unsalted ci*eam daoose 
550 gm. of grated imported Roquefort cheese 
150 gra. of grated doEiostic blue cheese 
SO gpi. of sodium chloride 
Tlae iiigredionts v;oro placod in a double boilor and heated and 
stirred until thoy v/ere thoroughly mixed. Aboxrb 20 gra, were than 
placod in each of a nxnabor of largo test tubes, and ilie tubes plugged 
vdth cotton and sterilized in an autoclave at 15 lbs. pressvu'o for 20 
minutoo. After tho cheese spread had cooled each tube was Inoculatod 
vrith 5 CO. of a 48-hour pepbono-litnus milk cultiire of tlie ot-ganism to 
bo tested. Tlie inooulimi \ms mixed thoroughly vdth the dieose spread 
by means of a sterile pipette ani iiie tube was sealed Yrith a jiaraffine-
vasoline plug. Tho sealed tubes were incubated at 37° c« for 8 to 10 
days and observed frequoiitly foi' dionges. 
-le-
Preporation of blue chooso emmlsion 
Tho bluo ohooso emulsion vhich v/as usod to study tlie effoct 
of pH in tho heat roaintonoo of tho j^ao rjroducinjj orgoniGms vm.c 
prepared by hoatln{^ lOOO gra. of grated donostic blue cheoso, 1000 cc. 
of water, and 40 ga. of sodixm citrate. The jnixbure vfas heated ani 
stirred in a double boiler xintil a sjtioo'tii consistency vms obtained. 
Tho emulsion was sterilised in 1000 cc. portions in cn autoclav-o 
at 15 lbs. proGsviro for 20 minutes. 
Detemination of the heat resistance 
All of tlie lie at resistance studies were carried out in tost 
tubes Viiiich liad an outside diemoter of abovcfc 10 nm. and v/alls about 
1 xmi. thick. Approximately 10 cc, of an inoculated medium v/ere put 
in each tost tube and covered with a pai-affine-vaseline plug. Care 
v/as taken in placing the jnediuia in each tube -bo avoid leaving any of 
it near the top of the tube vjlaore it v.Duld not be covered by tlio plug. 
Tho cotton plug that vms originally present in tho tube was rotin-ned to 
tho tube after the paraffine-vaseline plug was placed over •iiie jnoditnn. 
During tho heating process, tho tubes vrare hold in rai uprij^at position 
in on agitated vnxter bath, tho vrator Ijeing deep eaiovigli to cover the 
medium and tho paraffine-vasoline plvig. Tho viator bath vm.s at tJio 
temperatwo to bo used when tho tubes vroro placed in it. The tempera-
-17-
•buro of tho mo dim \mc doterminod by a thomornGtcr in on uninooulated 
tubo v/liich v<-a.s covored v/ith a. pore-ffino-vasolino plug in tlio saiao 
monnor aa tho inoculated tubeo. As ooon as tlao tubes had boon hold 
at the dosired tompoi-'aturG for 20 minutes, they v/ore placed m a cold 
v/ater bath till cool. Tlioy wore then incubated at 57° C. for at loant 
a vraolc to dotormino Vvhethor or not ilio organisns v/cro ablo to re­
produce the defect in tho medium. 
—1'8»» 
EO'SRHiEllTAL 
Studios on Gas Production in Croara CIIOOGO Gproads 
Doacription of tho defoct» Tho o\ifbrea3c o£ gas fonrntion in croaia 
olieoso spreads i^aioh vras responsible for tho investigation occurred 
in tho apriiic and sunraor of 1934. Gassinoss vras obserTGd to a limit­
ed oirtont in several varietiofs of spread, but the defect v.-aa parti­
cularly noticeable in Roquefort type spread. At tho time tho defect 
first appeared tho particular plant was substituting domestic blue 
cheese for a poi't of tho imported Roquefort cheese v/liich they had 
previously used entirely and tho gas production w-ns attributed to 
organisms present in tho doiaostic blue cheese that were not ijrosent 
in tho Roquefort cheese. 
Only a sr,iall percentage of tJie jars in a batch developed gas. 
Under ordijiary mai-ketinf^ conditions the choeso spreads vrere lield at 
room temperature and at times wuld remain noiTial for 2 or 3 montlis 
and -tilon suddenly develop <^q.s. lYobably this irregularity v.-as loi'fjoly 
duo to the tojnperaturo at vjlvich tho choose spread ims held and to tiae 
fact that tho extent of inoculation varied from jar to jar. VHien. tho 
cream oheeao spread v/as hold at 37° C, gaosineso usually developed 
in 5 to 10 days if it developed at all. 
-19-
TiiG caasy cheoGo spreads had no off flavor or odor and appeared 
normal in ovory imy oxcoi^t t3iat gas \ms produced in tho choeso. IJo 
typical cas holea v/ero apparent but tho spread, Inaido tho {.-.laoo jar, 
vrould "brealc and tho uppoi* portion vrauld be forced avay from the lov;or 
portion with a clean break. In extreme cases tho lid vrauld bo blorai 
off and apj^ii'oximatoly lialf of tho cheese -iwuld bo pushed out of tho 
containor. Even in tVieae iwatoncos, hov;ovor, off flavor and odors 
vrarc not present. In less extremo caaos only onougii [^jas vrould bo 
produced to roloaso tho vacuum sealed lid and the c°-s v;ould appear in 
tho body of tho choose as siaall horizontal splits. 
Microscopic exaiainatioxis of the croa:n cheese spreads ahov/ed an 
abundance of varioxis tj^ies of orgonioras, including bacteria, molds, 
and yeasts. This \ms to bo expected since tho product v;as a mixture 
of cream cheese and Roquefort typo choeso, both of v;5iioh contain 
largo numbers of streptococci euid tho Roquefort typo cheese v/ould con­
tribute mold ^ycelia and spores, bacteria and probably yoasts# Ho 
doubt most of tho organisms soon in tho microscoisic preparatioios wore 
dead, duo to tho fact tliat the spi-oads had boon e;:posod to about 
SQO C. for 10 minutes and placed iimnodiatoly in tho glass jai's. 
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Isolation of the ns-s uroducinf; ox'r;anicm» IVom tho nature of the 
defect and the mnnor in v/hich tho apreado v.'ere i>roparGd and packed, 
it secined prohablo tliat tho defect v/ns the rosult of tho activity 
of nn anaerobic spore forniin^ organlGn. Attempts vrere made to iiiraiv 
tlio orGonisni in or on a vorio'cy of laedia and midor various conditions. 
Tho raedia eiq)loyGd v;oro; Staaidard boef extract agar, boef infusion 
agnr, beef ijifusion aj^ar plus 0,G per cent doxtroso, beof infusion 
agar plus 0.5 por cont lactose, toioato juico agar, atoiadard broth, 
standard broth plus each of 15 carbohydrates and related Exaterials, 
brain infusion raodiimi, and an arjar pi-eparod from tho extract of 
Roquefoi't cheese. Aerobic cultures failed to give grots-bh so a 
mtnibor of different metlioda of obtaining'; aamerobic conditions were 
triod* These included; Agar shake cultures, an atmosxJhero of 
cai'ben dioxide, an atmospliere of hydrogen, removal of exyjjon by 
alkaline pyrogallol, and tho addition of reduced iron. Most ef those 
methods xroro oirqjloyed with a numljor of media but none of thera resulted 
in crovrtli. 
Approximately 0.5 gm. portions of tho {^assy cheese s^jroads vrore 
placed in tubes of poptono-litmuG ni^ and sealed with pai-affino-
vasolino plugs. Tlae tubes vrore tlion hold in a vreitor bath for 20 
iiinutes at G5° C., cooled quickly and incubated nt o7° C, for 3 or 4 
days. Practically all of tho tubes v.'hich shov/ed any crovrbh cave rapid 
reduction of tlio li'uraus and fjas production Avithout coagulatiori. 
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The orgonisnis v^ilch dovolopod in tho poptone-li'bnus inilk failed 
to grow on viiriouc aolid nedia, oo it v;as neoossai-y to UGG tho dilution 
nothod for pui'ifioation. A fevr dropc of a culture ^'jJiich was to ho 
purified v/oro ronoved hy noana of a capillary pipotto. This vran done 
"by puchinc tho pipotto tlirouch tho paraffiiie-vaoolino plu^, brGakin(i 
of the ond, v.hich waa filled v.-ith tho pra'afflno-va3olin,e mi;cbm'o, 
acninot tho bottom of tho tost tube and drav/ing the oulturo into tho 
pipotto. Tlio material \nxa placod iii a tube containi:i{j about 0 cc. 
of poptone-litauG nilk. Tho inooulvm v/as thoroufjlily distributed and 
1 cc. of this raixbxiro transfGrrod to the noxt tube of peptonc-litnus 
milk. This process vra,s repeated until a soriea of 10 tubes v/as ob­
tained, each having about one-tenth as heavy an inoculation as the 
tubes just xjreceding it in the serios. All of the tubes vrare sealed 
vri.th paraffine-^aoeline plugs oiid hold at 85° C. for 20 minutes in a 
\mter bath, cooled rapidly, and ilncubatod o.t 37° c. for 3 or 4 days. 
Tho highest dilution v/aich showed gas production v/ith rapid reduction 
of tlie litmus and vrithout coagulation v.-as again purified by the sane 
iTrocoES. Tlio liighost dilution v^Tich shoiTsd gas production, reduction 
of litmus, and no coagulatioii in tho second series of tubes v;ae con­
sidered a pui'o oulturo of tlio organism in question. Ilicroscopic ex­
aminations shovred tlio organisms in tho culture v/ere gram negative and 
rod aliapod. Spores could not bo detected even v/ith special spore 
stains. Tlio colls v?ere ajiproximatoly 0.7 by 2.0 to 2.5 microns, and 
occurred singly or in short chains. 
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Hio oiily nodia in v/hiclx tho orgaiixsra could bo crovm auccoGcfully 
wore poptono-litraus nilk ruid li-fcmuo rdlk to v;hicli a simll exaount of 
Roquefort typo cUecso had boon addod. Poptono-litnus jnilk suiipoi-tod 
tho i^rov/fch of t3io orcnnisris vAioii onaorobic coiiditiojiQ wore obtained iii 
a numbor of different wayo, but tho simplest aiid nost satisfactory 
nothod of obtaini33{5 anaerobic conditions was by tho uso of a pai'affino-
Taaolino pluj;. Generally the inodiun used had boon heated recently 
or heat vms applied after inoculation. 
I'/hen sterile croon choose spread vras inoculated vdth the orgonisns 
and incubated at 37° C,, [jao formation \ms noted in the choese in from 
0 to 14 days. Tlio orgoniorAs isolated from tho difforercb lots of 
dofoctivo spread varied in the cuuonnt of gas produced in sterile clioose 
spread. In some cases tho paraffino-vaselino plug was blovna out of 
tiio tube in 3 or 4 days, V/liile in other cases several vroeks v;ore re­
quired before gas production was noted. Wien tho organisms vroro in­
oculated into sterile cream chooso and hold at room teiaporature, gas 
production \ms much slev/or than v.iion held at 37° C., but gas v/as 
eventually produced in all cases. Figure 1 illustrates tho type of 
gas x^roductien obtained in storilo cheese spi-oad. 
Since tlie outbroaJc of gassinoss in cream cheese spreads ivas 
attributed to the use of domestic blue choese, an attempt vra.s made 
to isolate tho organism from domostio and foreign bluo cheeso and 
from Roquefort cheese. Essentially the somo nothod of isolation vms 
TJninocula-bed Inocixlated Inoculated Inoculated 
control rrith vrith rrith 
Org. 1 Org. 14 Ore. o 
Fi^tire 1. TjTJe of gas production obtair^ed by inoculating sterile crean 
cheese spread vdth the organisms indicated. 
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aniI)loyo(l vrith thoso CIIGOSOD ac vritli tho dofoctivo spreads. Tlie 
organisra v/ac isolated fron all fivo of tho doinectic bluo clieoso 
otudiod, from ono out of fivo l^ench bleu Ghooao ojid frora one out of 
tliroo Danish blou chococs. Tho orgwiism could not bo isolated from 
any of tho tliroo Roquofort cheosos stixdiod. Vilien the orcanisna V;hich 
wore isolated from tho chooses v/oro inoculated into storile crocuu 
chooso spread, essentially the sano typo of i^aa xsroduction resulted 
as viith tho orcoiiisnva from tho dofoctivo spreads. 
Altogether 10 cultures of the organism in questioji vrero isolatedj 
12 cano from 12 lots of dofoctivo oroam cheese spread, 5 fi-ora 
dojiuDctic bluo choose and 1 each fron French blou and Danish bleu 
choose. Table I gives a sunrnary of tho sour cos of the orgaiaisms 
isolated. 
Effect of pH on the heat resiatanoo of the p;as producinf; orr.g-nism. Tho 
pH of the normal Roquefort cream cheese spread v,-as G.O to 6.0. It 
VrtiG til ought tliat lov/ering tho of the finished spread mij^it preveiib 
gac production and, accordingly, studios v«3re carried out to dotonnino 
wiiat effect o. lov; pH would have on tho activity of tho organism. Tlio 
organism was found to produce gas at a pH far too lov; to bo employed 
in a cheese spread. 
Since lovverijig tho pll of the finished product did not prevent 
gas production in tlio spread, a study \ms made to dotonaine vAiether 
or not lov/oring tho pll boforo tho hoating process would accomplish -blio 
desired result. Four trials v/oro carried out, using Organism 1, 2, 
rr» ,• T 
SOURCES 0? TZS GAS IT.DDuCIlTG OP.GiUilSLIS STUDIED 
OrganiGn 
nuiabor ] SorurcG of organisn 
1 ; Gassy Roquefort croan diocse spread containijig donestic bluo cheose. 
2 : Gassy Hoquerort croaia dioose spread containing doscstic bluo checsc. 
o : Gassy Hoquefoi^ croan dicese spread containing Danish bleu cheose. 
4 : Gassy Honuofort crecsn cheese spread containing droiestic blue cheese. 
5 : Gassy Roquefort crcasi cheose spread. 
6 ; Gassy Roquefort crean cheese spread. 
7 ; Gassy Roquefort creosn cheese spread. 
8 : Gassy Roquefort cream cheese spread. 
9 : Gassy Roquefort crean cheese spread. 
10 : Gassy Roquefort crean clieese sx>read. 
11 : Gassy Roquefort ci-can clieose spread. 
12 : C-assy Roquefoi*t cream cheese srircad. 
13 : Donestic blue cheese. 
14 : Donestic bluo cheese. 
15 ; Donestic blue cheese. 
16 : Domestic blue cheose. 
17 ; Donestic blue cheese. 
18 : Danish ul"" cheese. 
19 : French bleu dieese. 
and 5. In •bhroo of tho trials "bluo chooao emulsion v/as usod as the 
modi vera and in tho foiirth trial poptone-litiaiia milt xias omployed. 
In tho first trial, 25 oc. of a 40 hoiu' peptono-li'bmus mill: 
culture of Organism 2 vroro usod to inoculate 1000 gia. of bluo olieoso 
omulcion. The inoculum v/us mixod v/'ith tho emulsion by moona of a 
sterile otirriiig rod and tho pll doteminod. Ei^ht 10 cc« Gomplos 
vrero placed in sterile tost tuibos. A small amount of lactic acid \ms 
added to tlio I'OKiaining omuloion thorouglily mixed mth it» After 
determining tlio pII, eight 10 cc« sojaplos were placed in stoi-ilo test 
tubes. Tliis general procedure vro.s repeated until nine series of 
tubes (each series containing eight tubes) had been Ydthdra\m. Tlie 
principal difference between tho various series wus in tho pll of the 
emulsion and tho pll range covered v.'ss from G,2D to 4.25. Each tubo 
was scaled vri.th a paraffine-vrxselino plug. A tubo from each of tlio 
nine series vras held unheated as a control. Another tube from each 
series was heated at 60® C. for 20 minutes end cooled rapidly by i^lac-
ing in a oold vniter bath. One tubo from cach cerios vxas then heated 
at G5 , 70 , 75°, 80°, 85°, and 90° c. for 20 minutes and cooled rapid­
ly. Tho tubes v/ei'o incubated at 37° C. imd obsoi-vations v/ere made 
daily. Tlio data ai'o given in Table II. 
Tlie results shovr tliat tlio organism \ms very resistant to a low 
pH v/hen no heat v/as applied, jiroducing gas at a pn as lov/ as 4«25. 
Witli OQ exposure to GO® C. for 20 minutes,tho lowest pll at ^'dlich gas 
production occurred vms 4o80 and vdth an exposure to 65° C. for 20 
EFFECT 0? TIIE pH OF THE ISOimi Oil THE lAT HESIOTAITCE 0? GAS PnODUCIIXr CRGAIJISII 2 
Cheese emilsion inoculated Yrloli 43 hour peptone-litimis nilic 
cul-Jrare, pH adjusted vd-th lactic acid, sonplcs covered 
TTith paraffino-vaseline plugs and heated. 
Tonperattire of incubation 37° C» 
;: Gas 
pll of :; production 
;; in unheatod 
enulsioa :; controls 
Gas Droduction in saniplos heated 20 minutes at 
60° C. ; C. ; 70° 0. ; 75° C. SQO C. ; 900 C. 950 c. 
6.25 
5.9G 
5.G9 
5.55 
5.25 
5.00 
4.80 
4.48 
4.25 
+ 
+ 
+ 
-1-
+ 
+ 
+ 
H-
H-
+ 
+ 
+ -1- ; + 
- no Pas production -i- QC.S production 
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minutesa the lowoat pll iJormittinG gac i)roduc-bion T/EIG 5»00. AS tho 
•bonporaturo to viiioh tho inoculated nodivmi V.TIB exposed increased, 
tho pII pomitting gas production booano higher, until at a tempera­
ture of D0° C. for 20 ninutes, no ^aa v/p,5 produced at a pll of 5,G9 
or lov/er. 
Similar scrioB of tubos ivore prepai'od, using Organisn 3» Eifjht 
diffei*ont pII values v/ere enployod, ranging from G.Gl to 4.8G; the 
saino exposures wore uood as in tho preceding trial. Table III gives 
tile results obtained. 
Yilien no hoat v;as applied, tho organism produced gas at a pll 
of 4«8G, \viiilo Oil oxpoB\ire of GQO c. for 20 minutos vnxc sufficient to 
proverrb gas production at a pll of 5,02 end below. As tho tomperaturo 
of oxpostire ims increased tho pII required to prevent gas production 
increased until an exposure of 90° c, for 20 minutes prevented gas 
production at a pll of G.GO and belov/. 
Organism 1 v/as used in a trial similar to tlie tv/o preceding ones 
except that wider ranges of pll and teraporaturos wore employed. Foinrteen 
pn values \Toro used, covering tho range from G.47 to 4,25, and tho 
temperatures employed v;ore from 55® to 95° C. inclusive in 5° C, in­
tervals. Tho data ore given in Table IV. 
In tho tubos to vihich no hoat was production ocourrod 
vri.th tho pll as lev/ as 4»25, vdiilo in tho tubes exposed to 55° C. for 
20 minutes gas production v/as prevented at a pll of 4,32. T/lien heated 
to 60° C, for 20 minutes no gas production resulted at a pll below 5.00. 
TilDLE III 
THE 3FFECT OF 'HIE p!I OF Tin: i.SDIUII Oil TIIS: 7£2AT HESISTMCE 0? C-A3 iRODUCIIIG ORC-iMTIGII S 
Cheoso emulsion inoculntod vd.-'cla 48 hour poptonc-litnuG nilk 
culture, pE adjusted mth. lactic acid, ccmpleG ccnrcrcd 
v.dth paraffine-vasolinc plugs and heated. 
Tcniperature of incubetion 37° C, 
pH of 
:: Gas : 
J: production : Gas jxroduction ir> samples heated 20 minutes at 
emulsion 
;; in unlieated ; 
:: controls : 60° C. • 65° 0. * 70° C. • • • « 75° C. ; 80° C. ; 85° C. ! 95° C., » 
5.81 :; + : : + : + + 5 + ! + : + 
5.60 • • .4^ • • • ~ • + ; + ; + •f : + : : 
5.52 • • ^ • • • » • •h ; + : + + ; + ; - : 
5.42 • • • • « ~ • •r 
5.33 • • 4> • • • ^ • - : 
5.20 • 5 1.J- • + : 
5.02 t • • - - ; 
o
 
CO 
•
 :; + ; : 
+ gas ireduction - no gas production 
TixBLS rv 
THE ETPECT OF THE pH 0? TilE LSDrUH OIT THE liHAT EESIGT/aiCS 0? GA3 rRODUCIIU OP.G-iuHSM 1 
Cheese esiulsion inoculated vd.tli 48 houi' peptono-li-Inaus Eiilk 
culture, pH adjusted with lactic acid, samples covered 
•with paraffine-Taseline plugs and heated. 
TeEipcrature of incubation 57° C« 
pS of :: 
Gas 
production Gas production in sanples heated 20 minutes at 
esnilsion 
: in unheated 
;: controls 55° C. ; 60° G. 65° C. • 70° C. ; 750 c. 80° C. 85° C. 1 90^ C. ; 950 c. » 
: + T : *r + + , + + : + ; + 
6^51 • • 4. + : -r + + + + "T + 
6.24 ;: + + : -f- + + "i" + + 
5,89 • • 4. m • T + : *T* + + -
5; 74 • » » » * •r : n- + + 'T - -
5,54 :: + : + T -r •r 
5,40 ! H- + > ^ + — - — - — — 
5.18 ; + •r + -
5;oo ; + + + -
4.82 ! + -
4;65 : + + - - - - - - - -
4;46 : + -
4; 32 : + -
4.25 : + -
+ gas iroduction - no gas pi'oduction 
"•SI" 
As tliG tenipGvati.iro of oxpoBva-o increased "bho pH required to isrevont 
gae production bocemo hij^or, until at 95° C, foi' 20 minutes tho 
organism did not produce gas at a pll below G.51. 
Tlio data prosonbed in Tables II, III, and IV ai'o plotted in 
Graph I. Tho grajDh shov/s clearly tliat there is a very distinct re­
lationship bet^veen tho pll of the medium at tho time of heating and 
tho temperature required to prevent gas production by the orcanism. 
A pn of G.75 prevented gas production Y;iien heated to 90° C, for 20 
minutes, v/hilo a pll of G»00 vrtis required to prevent gas production 
Vihen an oxposuro of 60° C. for 20 minutes was used • 
Since the blue cheese emulsion varied sonovriiat in composition 
and reaction from one batch to ajiothor, a trial \ms cai*riod out using 
peptone-litmus milk as the medium instead of blue cheese emulsion in 
order to detonolne ivhothor or not the poptono-li-bmus milk could be used 
in -blie futia*e studies with eatisfactbry results# Organism 1 was em­
ployed in tho trial. Tv;clvo pll values were used, covering a pH renge 
from G.40 to 4.73, and tho tomperatureo to viiich the tubes v/ere exposed 
for 20 minutes rcaiged from 60° C, to 90° C, inclusive in 5° c, intervals. 
Tho results ai-o given in Table V. 
All the lanheated tubes shovrod gas i:)roduction, v/iiile r.dth an ex­
posure to GO® C. for 20 minutes no gas v/as produced in the tubes having 
a pll below 5.06. As the tomporatiare of exposure increased, tho pH 
required to provenfc gas production increased, just as it did in tho 
trials vdth choose emulsion. 
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425 
4.75 
<o 
UJ 
D 
-J 
^ S25 
r Q-
\ 
: 
575 
Orgonism I 
Organism 2 
Organism 3 
55 65° 75 
DEGREE5 C. FOR 20 MINUTE5 
65 
Graph I. pll values I'equirod "bo preveivb gas 
producbion by Organisms 1, 2, and 3 in cheeso 
emulsion heated 20 minutes at various tempera­
tures. 
TiU3LS Y 
THE EFFECT CF TIS pH OF HIE IIEDIDII OIJ Hm IIEAT nSSISTAITCE OF GAS rilODIXJEKJ QRGAIIISil 1 
Peptono-litmus nxlk inoculated vdtli 48 hotir peptone-litnus Eilk 
culture, pH adjusted Vcith lactic acid, samples corercd 
vjitii poraffino-vaseline pl'ugs and heated* 
TenperatxTre of iacubation 37° C, 
pH of : 
peptone- : 
Gas : 
•nroduction: GP-R TTTnrliifttimi :in nnnplrsR hp.n-hRrI P.D •m-irmtopi at 
litmis : 
siilk : 
in unheated: 
corrfcrols ; 60° C. 65° C. 70° C. : 75^ C. J 800 c, I 85^ C. i 90° C. 
6.40 : + : + + H- ; + J T 5 + ; + 
G.15 : £ + •i* •r ; -r ; -f J *r : 
6.04 ; 
. : + H- -r t 4- ; -r J -• ; 
5.94 ; + ; + •r + : -r : + : - ; 
5.56 I + : + 4- t -1- ; " ; : 
5.48 ; + t + + + : - : - : - J 
5*50 : + : + : 
5.16 : + : + + ; - : - : - ; 
5.06 : + : -r - : 
5.00 : + : - - : - : - : - ; 
4.87 : + ; - - : 
4 .7 o s + ; - : - : - : - : -
+ gas production - no gas production 
""S'i— 
Bffoct of salt (iJaCl) ooncontration and tlic pll of the modium on the 
heat resistance of the ^as producing orf;aniGm« Esty and Itoyor (lO) 
and Viljoon (IG) found tliat salt (llaCl) concentrations of 0.5 to 2»5 
por cont increased tho heat resiotonco of tho bacterial spores Viiiich 
they studied, but that conoontrations over 2,5 por oeiib lowered tho 
heat resistance# 
An attonipt \mc made to dotGrcilne the effect of salt concentra­
tion on tho hoat reoiotanco of tho gas iiroducing orBanism viiion hoated 
at various pll values. In tho manufacture of Roquefort type cream 
cheose spread, the Roquefort type cheese is grated and heated before 
it is added to tho cream cheose. Hiorofore it vrauld bo possible to 
add as much as 0 por cent salt to tho Roquefort type cheese v/iien it 
is heated and nob havo too nuch salt in tho finished pi'oduct. 
In the first trial Organism 2  \mB used. Each of seven flaslca, 
containing 1000 cc. of sterile poptone-li'bEruE millc por flask, v;as in­
oculated v/itli 25 cc, of a 48 hour peptone-litmus milk culture of the 
organism to bo studied. Tho pli of one of the flasks vias detorniued 
and five 10 cc. samples vrare placed in sterile test tubos. A snail 
amount of lactic acid v;as added to tho remaining milk and tliorouglxly 
distributed. Tlie pH v.-as detenninod and five more 10 cc. sEunples \roro 
talcon. Tliis sorae gonoi'al pi-ocedure wus repeated until eight series 
(each series having five tubos) were obtained. Each series differed 
from tho othors only in tho pll. One, 2, 3, 4, 5, cmd 6 por cent sterile 
salt, roapootivoly, was added to the other six flasks of inoculated 
—SB"" 
poptono-litiRUG nllk. ScmiploB wcro taken from each of these flasks in 
tho sai.io naamer as from tho flask to I'jiiich no salt \ms added. 
All of tho tuboo wore oovovcd vdth paraffino-vaselino plugs. Tho 
sovon salt cotriccntrations and eight pll soriec f^ave 5G combinations. 
Ono tube from each combination \ms hold unlioatod and otliers rrere hoatod 
at 700^ 50^, 05°, end 90° C, rospoctivoly, for 20 minutes. The t-ubos 
\TOro incubatod at 37° c» Cbsorvations \rere made at tho end of IG days 
and thoso tubes v/hich did not shov;' gas i^roduction and reduction of 
litmus vraro culturod in peptono-litmus milk ^»ith no salt added and \7itla 
a normal Tliose tubos vrai-o covorod Vi^lth paraffino-vasoline plugs 
and incubated at 37° C» At tlio ond of 8 days observations wore made. 
Tho results of the trial arc civon in Table VI, 
The data show that salt concentrations of 2, 3, 4, 5, ejid G per 
cent in the unlieatod sorios inhibited tho (jas producing orconisms at 
tho lovror pll vuluos but, wiion tho tubos in vAiich irilaibition occurred 
vroro culturod in normal poptono-litmus milk, gas was produced,indicat­
ing that tho organism was not killed but only inliibited by tho higli 
salt concentration and low pll. VJlion heated to 70° C. for 20 minutes 
tho organism v«is killed at pll 5,29 vdien no salt \ms addod, ajid at pH 
5»25 vAion 1 per corrb salt vro,B added, v;]ailo vritli 2 per cent salt, a iill 
of 5.47 inliibitod tho grovd:h of tlio organism but did not kill it and a 
pII of 5,37 or loTOr killed tho organism. As the otaount of salt was in­
creased and tho pII vms lowered tho heat rosistanco of tho organism de­
creased, Vilien hold at 05° C« for 20 minutes the organism did not sliow 
T/LBLE Y I  
Tns EF?SCT OP TIE S/iLT (liaCl) COITGr^TSRiiTIOlI MTD THE pH OF 71^ IISDIUII 
on TSD HEAT ?J:SIGTA1JCE Or G/iS HlODuCIITG OnGAIJISII 2 
Peptone-litEKis mill:, viith salt; added, inocula-bod \Tith 4G hour 
poptonG-lxtnuQ nilk culture, pH adjusted ratli lactic acid, 
SEmplcD covcred \Tltb. paroffinc-vaselino plu^s end heated. 
?enperatin"e of incubation S7® C» 
Heat 
treatment 
I llo IfeCl ': 3,^ IJaCl *' 2f.i I-JaCl • Zf. IlaCl * • 4fi ilaCl 
• * * 
'• 5% ITaCl - G^ UaCl 2 • 9 
X 
. pH ;GroTitli:i pii xC-rovrth;: pH tGrovrbh : pH :GroTith:; pll ;GroT/fch : pH Grovrfch;: pH tGrovrbh 
Ho 
Heat 
;6i42: + tsG.oS 
:6s21: -f ::6ald 
:6i09; + ;i6i06 
:5»84: + ::5«85 
;!3»G1: + ;i5.6G 
:5«52: H- ::5«50 
i5i40; + ::5io8 
;5»29: -f ::5*25 
s + ::6«35s + 
: + ::6,17: + 
; + ;s6.07: + 
: + Ji5»85: t 
+ ;;5i64! + 
+ ;j5»47: + 
+ ::5;S7: + 
+ ::5*26: o 
:6«51: + ::G«27; + 
!6.I7; + ::G»18: + 
i6«08: + ::G«07: + 
j5»B6; + ::5*85: + 
:5*G3: + :i5«G5: + 
:5*45: o ::5a48: o 
;5«35: + :j5ii34; o 
:5«21: o ::5»23: o 
:6«2G 
:G;15 
tG.07 
:5.83 
:5.G1 
:5,50 
:5.41 
:5;21 
+ ::G»24; + 
+ ::6«1G: + 
+ ::G,04: + 
+ s;5»81: + 
+ ;;5«60: o 
0 ;;5i51; o 
o ::5,42: o 
c ::5i24: o 
1 M C5 1 
70° C. 
for 20 
nin. 
:6«42:, + ;j6»30 
;6i21: + ;s6il8 
:6«09: + ::GaOG 
:5«84;J -i- ::5«85 
;5a61: -i- ::5*66 
:5«52: -t- ::5*50 
:5^i + ::5.38 
:5a29: •• :t5«25 
+ ::G«53: + 
+ ;:6,17: + 
-r :;6i07s + 
+ :s5 #83: + 
+ :;5;64: + 
+ i:5i47; o 
+  : : S » S 7 t  -
- ::5,26; -
:6«3i: + ::6*27s + 
:6,17: + ::G»1S: + 
;6«Q8; + :t6>07: + 
:5f8G: 4- ::Gtt85: o 
:5«62: o :t5aG5: o 
;5.45: - ::5,48;' -
s5.S5s - ::5.34: -
;5»21: ;;5»23; -
i6«26 
:G slO 
:6«07 
:5«85 
:5*G1 
;5;50 
:5,41 
:5.21: 
+ ::6a24: + 
+ :;6»1G; + 
o ::G.04: o 
o ::5.81: 
- ::5«60! -
- ;;5i51j -
::5i42: -
;;5.24: -
•r gas production in original semple tute. 
o gas production only after transferring to a fresh tube of litnus lailk, cozitaining 
no salt and liaving a nornal pH. 
- no gas production after coltiiring in a fresh tube of litmus nilk containing no 
salt and having a nonaal pli. 
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any crovrbh at all in G por cent salt ovon after being cul-bured, in­
dicating that a combination of 85° C, per 20 minutes and G por cont 
salt killed tlio oi'gonisn even at a pll of 6»24» Tilion no salt vjas added, 
850 for 20 minutes killed the organism only via en the pll Tm.e C.40 
or loT/er. 
The data in Table VI are plo.tted in Graph II. This graph Ghovra 
cleai'ly that salt conceiriirations of 2 per cont or belovr did not have 
much effect on the heat rociBtejaoo of the OrganiBm 2, but ac tho salt 
concentration increased about 2 per cont the pll required to prevent 
gas Tirodxiotion at a given temperature \ma lev/or ed. 
A second trial was cai-riod out using Oi'ganism 1. The pll range 
used v/as fi*om G»38 to 5.10 md tho salt concentrations from no salt 
to G por cont. Tho hoat oxposui'es employed ranged from 60° C, to 
90O C,, inclusivo, in 5° C» intervals for 20 jaiiiuboa. All of tho tubos 
vraro propai*ed in duplicate, one series being incubated at 37° C. nnri 
tho other series at room temperature. The results are given in 
Tablo VII. Tlie tubes which did not akovr gas v/ore not cultured as in 
first 'bi'ialj therefore Tablo VII shovrs only tho salt concentration 
and 'Kae pll roquirod to prcverrb gao production whon oxposod to various 
temporaturos for 20 uiinutoa. 
In tho unlieated samples incubated at 37° C, gas production v/as 
prevented vrith 2, 3, 4, 5, and G por cent salt at pll valuoc of D.IG, 
5.20, 5.21, 5.59, and G.OO, rospoctivoly. Vflion hoatod to SQO c, for 
20 minutos 3, 4, 5, aiid 6 por cont salt prevented gas production at 
'39-
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r Q-
610 Heated CS rlin. ot 
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Graph II. Combinations of pH valiaes and salt 
concentrations required to prevent gas produc­
tion by organism in peptono-litmus milk heated 
20 minutes at 70° C,, 80° C., 85° c., or 90° C. 
THE EFFECT OF Txffi SALT (llaCl) COIICSTTIIATIOIT AIE) T] 
Peptono-litmus milk, vrith salt addei 
pE adjusted irlth lactic aoid, sanp: 
Heat 
t^reatment 
: t 
t 
»" 
Incubated at 37° C» 
iTo mci t i  t i ifeci 
:: 
t: 252 BaCl :: 3?5 UaCl 
:: 
t: 4^ IfaCl 
: ] 
B'i'c KaCl 
t: 
11 
, pH iGrovrbht j pH iGrovrblixt x® sGrowthi: pE tGrovrtill;: pH :Grovridisj pll jGrOYrt;li;j ] 
ti6;S0i X H6;S1: x } ;6«28t X S:G;19J X tsG*20t X t tG«20t X : t  tG' 
;tG»30t X  •»4&;174 X  ;t4C..12: X s:6;07s x; «tG«12t X s1G *12: X - t :6i 
lid :tG*12: X WCiOSj X  t:6«06: X «t6;04t X - t tG«04} I :G»05: X : J6i 
:t5«90i X : «6«03t X  :IG;80: X ::5;80s X 1t5»02t X ;:5;80: - t iSi 
t j5«69 J X »:5;75J X  t:5;72j X t»55i72,s X t j5i7S: X ::5;75: X : 35' 
: :[i;07s X 115«66: X  s t5»G2: X :t5;634 X t:5»65: X t :i5«50i mm t :Si 
heat t :5a46: X ttB.BO: X ::S*52} X jjGiSGt X . I  }5*55t X S:5;52J V,5i 
::5;37: X : {5«40t X ::5«44: X t :.5*'^lt X sj5i42: X t t t5i 
I»5i27» X  »:5;27! X t:5i27j X ::5*30r X : :5*52t X • ::5»30: : t5i 
:15 aXG t  X Js5;i0s X :35^8: m t t5*20t .::5«21: -• :j5;ilt mm t :5i 
- - ::6«S8t X t :6»31t X ::6,28: X J :6,19'i X ItG*20: X ::6.20; X : :Gi 
60° G, i:6;30i X sjGil7; X »»6;i2i X ;;G;0TJ X ttG;i2; X t i6»12t X 5 ;6i 
t:G*12: X ttGjOet X t:6;0C: X S;G;04> X t:6i04i X :tCaOS] X t :Gi 
:;5;90: X t t5»83t X : t5»80: X : :5*80ji X 1t5»82: X 3:5*85: X :  s G i  
for 20 ::6»69: X : i B » 7 5 t  X ::5;72: X s :5;72i X • ::5.73j X ::5.75: X t :5i 
n5;57: X t:5«G6: X t}5»G2: X j:5.63! X • ,..t:5»G5; X s 35*59: mm t  s5i 
; :5i4G: X t tOaOOn • X t t 5 ; 5 2 »  X t t5»55i X ts5i55t X 115.52! mm : s 5 ;  
min. :»5;57J X «t5«40: X i s5*44: X t t5»41s X s:5i42s X : :5*<I-5: mm t :5i 
IJ5«27: X ::5*27: X ts5»27t X X :5*30s: x'-' J j5.32j X t i5»S0: - 3 35; 
1t5.16t X :i5»18i X : t5«18: X : «G«20i - . :J0»21: j;5,ll: mm : :5/ 
X reduction of litmus and gas producftion 
- no roduotion of litnuis or gas produotion 

B. 
TABLE VII 
\ COLIGISIMTIOIR AIID HIE PH OF TH IE ISDIMI on HBAT 3II^3IG2AIJCE OF GAG MOIRACIIS OIIGIUUSII i 
milk, v.-ith oalt added, inoculat ted with 48 liotu* jjcptono-liteua allk oiilturo., 
•th lactic acid, sanplos coToretl paraffino«-vaaollno plugs aad hoatod* 
t t :  
J J t ^oubatod at rocBa tosapcsra-'airo 
iCl l\ 5^ llaCl \l IfcCl 
IJ: 
e : :  iio. mcl !! i^riiaci " ^oijaci":! #5 ifeci «•* SS «• «• «i 
'owthts pH sGrovrbh:: pll tGroiath. 
X ::6»20t X t c6*20: X 
X :jG;i2t X t:6«13: X 
X : :G»03: X :iCaOOt 'MB 
X :t5»Q5! - ::5;86: - • 
X s:5;75: X :s5i74: «» 
X I:5«59i - ::5*62t «• 
X ::5»52: »:5;52: M 
X t:5«45s ::5«45: M 
X : :5»30: ::5»31: -
«• ::5»llt ::5;i6: -
X ::6,20J X ::6*20: X 
X •.;6;i2t X :«6*15t «• 
X :tC*03i X ::6*00t M 
X ::5.85t X ::5«86: «• 
X ;:5.75: X :i5i74j CM 
X i:5*59: M x:Q«62: M 
X : t5»i32: - ::5*52: • 
X ::5*45: .. :s5.4Ss M 
X tt5;S0t J:5;31: m 
::5»11: mm ::S»16: -
t;s T>n jGrotrfih;: 1^1 iGavEffcii:# tGrowiiii: jill tOrov^l^-is; Jill 
X' tis.SI:. X -«s;sar X ttG,19j" X X t! 
silCiSO? X ssG;i?t X J56,12; 2v tsG;0?s X •tG»l2i X 11 
t X itGiOOs X i tGvOCt X s ;G;O^^» X t:G«04jt X tl 
i;j5i90i :£ jrsCiGSs X ts5it30s X is5«00$ X ts5.02a » « • 1 
t«i5;G9s X «80;7S: X :JS.72I i:G,72s X IJ5,733 ««•' *1 
1 X :S5*GC3 X ttC^t ri'<> $ $0«GSi t cG»G5: s: 
tt sSi^t ssr>*OQj X j>e.;52s X $t5«SGt X t:5;55s S3 
Its5i37s X tx5',tOt .X :s5«44t K :»«s;4if X f •< 
!«.:i5iS7s :c. tt5»27s X tt5.27J r. S35*30: !:5;S2J M *-4 » 1 
i«:s.s6a5?: .X. s,i5;iQ:t X X s tD«20: SJ5;21S - li 
fi : X ' itCTi" x isd*2!Qi JiG'.lO: 7C. tj'OiMi X s; 
;».!! jQiSQi X ttG;i7t ' 21 X J!6;07J X tse;i2s S! 
i3; :0«1E: x ssGyOSa X 5sG,<36t X tf0i04s X 5-•0#0^4 X 
ij:sDi90s X ss5eQ3s X »!5;aot X ste;co: X :3&«Q2S X «-! 
t« t tBiGOt X J t6i758 X as5;72j X is5;72s s rjB;7ot SI 
|iri5,57»:. X tjS.GSt X s3S«G2t X tsSaGot X s tB»05i » 1 « 4 
its i5«4G» X ?{Gi50! X IJ5;52J X :t5«SGt X t!5;r>5j «« ai 
isij6;S7r •X sj5i40j X X SJ5;41S X ts5i42t ** 1! 
;SJJS;27X 'At- js5;27i t«I>.27j X e.tC;30j X sjG;32t Si 
:tt35»lSs mU - X X. «s5»20t as5«21s •S! 

i 
immi on she nsGiGZAifCE OF qas momoim csia/ajisii I 
I •viit'h 48 ixoxn' poptoiMS-'litEiuG nilk oiilture, 
Li3i paroffino-^aollno plugo ccad hoatod» 
, J Jacubaiiod at rocaa tomoro/crn'o 
[i lh m.€l li Xi MCI ISaCl. *; ^ikci"." ^tlhQl H 0. mCl II I&Cl II 
*••* ... . .*•*.,•• ^ _ .»_# • 8, • *• . • » • • 
jj.lill tGrowthii gil iGi*aHfehtt j>II «Qro^its iGrowths? sGroivduj sGi*ovffcIi:i jfflE. tSroiTbJits 
K iiS.Sl's X * «{j;s'ds • X K ic ssiJ^iJOs 
itlGiSOj :c i6G;i7,t X nG.12! X tjG;07: •t^V uG;i2t X •4*, tts;iss s« 
(£0*123 3C X s»G;oct X tsGiCKkj X s:C*04i 3C ssGvOS: M .. tsG;oot tt 
s tSiSOi <»W tsGiSSs 5£ tSG^taOs X 4S5;OOI K :iG,G2s, S!5;i3Gl s:G«OGt •a» ts 
» 4 5 ; 0 9 :  X s;tDi7G: *w»-•'W : ^5 *7241 «ev j;G«72J X 8iG»73? «t5»7Gs •M. :sGi74i M# 11 
s ssCvCGi X :»G»02s X ssG.GSs It teG^GG: «#- :s5;ODs - t sG«02: tl 
SSC.GOJ 3J ttG^Ss 2C ssGcGGt :< t:G;GGS »sSiS2t Mr ssG«G2t «* ti. 
4j5;37i x -X 5JG«44» s X tjGi^iS? $?Gi4Gt .Vl% isG;43: it 
:t5,;2-7j ;c 5t5»S7s 3v «tG.S7i X nGiSOt •c*> s:5;52s u* jsGiSOi - •• iz 
. X ?iS;iQs K sjGUOs 3: ttCaSO: X SJG;21S' «» l» stSilGj «» ti 
4*(j';^Ss X 2C X ' S 3C».lbs X ;s0*20i 3C i'?(i,26s '«)» •w it 
ttfliSQ; X itBiVti IS 4s6i07i X tsCU2t *C tsc;i0f 4Mt. tjGUSs St 
3v ssCiOSs 3!: ssG.OSt X s?e;o<!:j s: 45Ci04* X s>C*Oat ttG«00i - xt 
5SD;90S 2C ssC;83! 1sGiOOt itG;80: X :?5;8SJ JZ tt5;QGt '«« 5 sGiGGt •* tt 
tsBmGQt •SS sjSiTSs 2: ssSiTiSj X £:G«72i 2 t:5;73» •m s«Gi75: -M t#Gi744 «• ts 
sxSiSTi s: t jSiSGt 3C s$G«G2i 3C X :tG;GGt SSG;63S •i»' ;:G»G12: •0* tt 
Si6:«4G» K. V-ftk>. tsG«G^s K st5;S6s •X :t5;G5j w> SJG;GSS 5tG;S2j mm t i 
!»G;S7t •K , ;tGi<iOs X • iif5i44t S StGiAlj H* tsGa^t -m* t ?tG»43t «K ti 
ttSiSTs 5s5;27t X t3G,27» X tiGiSOs X slGiSBi - >«G^» •• jsGiSli — it 
tjaass :z rtGaOj K stD#iSt X *s5»20: X* ssC»Slt - ssE,Us 3«S«1G£ «• tl 

Inoubated at 37° C. 
Ho NaCl 
pII J Growth 
I'X NaCl 
pll : Growth 
HaCl 
pH JGrowth 
3^ llaCl *.: 4% NaCl : s 5% HaCl 
XL. 
pll tGrovrbh:} pH sGrovrtihjj pII jGrowbh 
• 
« 6.38: X s:6.31: X : :6.28: X : :6.19: X ::6.20: X : :6.20: X : 
65° C, i 6.30i X ::6.17: X ::6.12: X ::6.07: X ::6.12: X ::6.12: X : 
s 6.12: X ::6.08: X : :6,06: X ::6.07: X ::6.04: X ::6.03: X : 
for 20 • 5,90: X ::5.83: X ::5.80: X :t5«80: X ::5.82: X ::5.85: X s 
: 5.69: X »:5«75: X ::5.72: X ::5.72: X ::5.73: X ::5,75: X : 
itiin. a • 5.57: X ::5.66: X ::5.62: X ::5.63: X ::5.65: X ::5,59: 4 
< 5.46: X :i5.50t X jsS.52: mm ::5.S5: X ::5«55: X ::5,52: - : 
: 5.37: X ::5.40: X ::5.44: X :;5.41: X ::5.42: X ::5.45: mm J 
• 
• 5.27: X ::5.27: X ::5.27: X ::5.30: X ::5.32: ::5.30: mm } 
t 5.16: X ::5.18: X ::5.18: X ::6.20: tm ::5.21: 4m ::5.11: tm { 
J 6.38: X ::6.31: X ::6.2U: X ::6.ld: X ::6.20: X :t6.20: X : 
70° 0. i 6.30: X ::6.17: X ::6.12: X :;6.07: X ::6.12: X ::6.12: X : 
> 6.12: X ::6.08: X ::6.06: X ::6.04: X ::6.04: X ::6.03: X : 
for 20 t 5.90: X ::5.83: X :t5.80: X ::5.80: X :;5.82: X ::5.85: X : 
: 5.69: X ::5.75: X ::5.72; X ::5.72: X ::5.73: X ::5.75: mm } 
min. « • 5.57: X ::5.66: X ::5.62} X ::5.63: X ::5.65: X ::5.595 ) 
: 5.46: X ::5.50: X ::5.52: X ::5.55: X ::5.55: X ::5,52: *** s 
: 5.37: X ::5.40: X : :5-»44: X ::5.41: X ::5.42: X ::5.45: tm * 
• 
• 5.27: X ::5.27: X : :5.27: X ::5.30: X ::5.32: - ::5,o0: mm * 
t 5.16: - ::5.18: X ::5.18: X ::5.20: «• ::5«21: - ::5.U: mm { 
t 6.38: X ::6.3l: X : :6.28t X ::6,19: X ::6.20: X ::6.20: X : 
75° C. I 6.30: X ::6,17: X : :6,12: X ::6,07: X ::6,12; X ::6.12: - : 
J 6.12: X ::6,08: X : :6.06: X ::6.04: X ::6.04: X ::6.03: : 
for 20 : 5.90: X t:5.83: X ::5.80: X ::5.80: X ::5.82t X ::5.85t mm  ^
t 5.69: X ::5.75: X ::5.72: X ::5.72: X ::5.73: X :;5.75: . : 
mill* t 5.57: X ::5.66: X ::5.62: X t:5.63: X ::5.65: X ::5.59: : 
} 5,46: X ::5.50: X ::5.52: X ::5.55: X ::5.55: - ::5.52: ** : 
t 5.37: X ::5.40: X ::5.44: X ::5.41: X ::5.42: ::5.46: ** 8 
t 5.27: X ::5.27: X ::5.27: X ::5.30: X ::5*32t > ::5,30: « : 
t 5,16} - ::5.18: ::5.1B: X ::S.20: m- ::5.21: - ::5.11i : 

1 
TABLE VII (CO^HKUED) 
«i 5% HaCl I e% NaCl 
11 
M pH JGrowth : pH jGrovrtfli 
: :6.20: X :6.20t 
:t6.12: X :6.13« -
ti6*03: X s6.00» 
::5.86s X :5.86t • 
:!5,75: X :5,74j «• 
s:5.59: - :5.62: -
::5.52; «• :5.52« mm 
t<5.45: - :5.43: « 
::5.30: - :5,31: <1* 
::5.m - tS.lS: 
}:6.20: X :6.20: X 
T:6,12s X :6.13i m 
::6a05: X :6.00j «*» 
::5*85: X 35.86: • 
::5,75: tM :5.74: • 
:i5«59: :5.62t 
:i5.52: BM :5.52: mm 
::5.45: mm :5.43: •« 
:t6.30: - !5.31J « 
ti5»ll: - :5.16: -
X :6.20: X 
::6»12: > i6.13: m 
::6»0S: «• :6.00i mm 
:t5.85: - :5.86: mm 
::5.75! - :5.74: 
t:5.59: •ft :5.62: mm 
t:5*52t 4M :5.52: -
:i5»45: - :5.43: m 
t:5«30i mm :5.31: -
t:5*11: 
-
:5.16: 
M: . 
a: t 
« ' »  
I t J Ho NaCl 
»: t 
Incubated at room temporaturo 
Ifo NaCl 
JL 
!5 2% HaCl J 
-U I 
»Jt pH :Growbhii pH tGrowth:: pH jGrovrbhs 
u» 
t::6»38: X ::6.3X: X ::6.28: X : 6.19: X : 6.20: X : :6.2 
t:t6.30i X :t6.17; X ::6.12t X « • 6.07: X t 6.12: •> : 6.1 
F:t6.12i X ::6,08» X ::6.06t X : 6.04: X : 6.04: > : 6,0 
t:t5.90: X ::5.83: X ::5.80: X • • 5.80: X : 5.82: • • 5,8 
tt:6.69t X ::5»75: X :»5.72t X : 5.72: X * • 5.73: : 5.7 
11:5.57: X ::5.66« X ::5.62: X • • 5.63: X « • 5.65: - : 5.5 
«J s5.4Gs X ::5.50: X ::5.52: X : 5.55: X : 5.55: • * « 5.5 
tt:5.37: X ::5.40: X ::5.44: X : 5.41: X : 5.42: • • 5.4 
s:»S.27: X ::5.27: X ::5.27t X : 5.30: X • • 5.32; - : 5.3 
<T]5«16: X :$5.18: •.,x ::5.18} X : 5.20: mm • • 5.21: - : 5.1 
t>t6.38t X ::6.31i X ::6.28: X : 6.19: X : 6.20: X : 6.^ 
t::6«30: X ::6.17i X ::6.12: X : 6.07: X : 6.12: • : 6.1 
s:i6«12: X ::6.08t X ::6.06t X 3 6.04: X : 6.04: - : 6,C 
iiJ5.90S X ::5.83: X ::5.Q0: X : 5.80s X : 5.82: mm • 5.£ 
::t6a693 X :}5.75: X ::5.72: X : 5.72: X : 5.72: - • • 5.7 
»1*5.57: X ::5.66t X ::5.62: X : 5.63: X • • 5.65: ~ • 5.£ 
1:t5.46: X ::5.50: X ::5.52: X • • 5.55: X : 5,55: - : 5.£ 
j:t5.S7: X ::5,40: X ::5,44: X • • 5.41: X * 5.42: - * 5.4 
1:t5.27: X ::5.27: X :;5.27: X : 5.30: > * • 5.32: • * « 5.1 
3«:5.16: X ::5,18: X : :5.18: X : 5.20: - • « 5.21: : 5.1 
: i6»38: X ::6«31: X ::6.28t X : 6.19: X : 6,20: X : 6.< 
,t: t6.30: X ::6.17: X :t6.12: X : 6.07: X i 6.12: M : 6,1 
:: t6.12: X ::6«08t X ::6.06t X • « 6.04: X • • 6.04: — : 6.( 
i:t5*90: X ::5a8S: X ::5.80: X « • 5.80: X • » 5.82: - • » 5.( 
::i5»69: X ::5«75t X ;:5.72: X : 5.72: X : 5.73: > : 5.^ 
,i: :5.57; X t:5.66: X ::5.62: X • • 5.63: X : 5.65: : 5.( 
,1 M6»46: X ::5«50: JFC ::5.S2: X : 5.55: X : 5.55: •mm : 5.i 
•i::5,37s X «:5.40: X ::5.44: X « * 5.41: > : 5.42: mm • ft 5.< 
1::5,27: X ::5.27: X ::5.27: X : 5.30: • • 5.32: X 5.1 
It:5«16t X ::5.18: X ::5.18t X : 5.20: M : 5.21: «• • • 5,; 
Z% HaCl s; 0, NaCl 
Li 
pH jGrovrbh: s pH iGrovrth: 

pliiD) 
t Inoubated at room toraparaturo 
» ' 
r No NaCl :: l;'o NaCl t: Z% HaCl :: Zf NaCl :: NaCl ; t IJaCl ;» 6?S Had 11 
« Li U U U JJ U U— 
« pH iGroivthit pH t Growth:: pH jGroivth: s pH t Growth:: pH iGrovrth: t pH i Growth:: pH : Growth:: . 
: 
1^381 X t X ::6.28: X : X ::6«20: X t:6c20t • « 6.20* mm :: 
t6»30i X :t6«17: X t:6»12: X :j6.07: X ::6»12t ::6«12: • : 6.13: - i: 
t6(12: X ::6«08t X t:6«06t X ::6»04: X t t6«04i - i:6«03: m « 6.00: - : t 
t5.90: X ::5*83: X ::5.80: X ::5.00: X }:5*82: - ::5.85: : 5.86: *• :: 
:5*69t X ::5.75: X : t5«72: X :i5,72: X :;5.73t - t:5.75« « « 5.74» > t: 
t5.57: X ::5«66t X ::5*62: X :-.5.6S: X ::S«65: t:5.59t mm : 5.62: > :: 
5S.4GJ X ::5.50: X ::5«52: X ::5.S5) X ):5»5Si - :i5.52: «• • 5.52: mm :: 
t6»371 X ::5a40: X : t5»44: X ::5.4l! X ::d*42: «m :t5.45: «• : 5.43: mm (: 
i5.27: X :iS.27: X ::5»27: X ::5.30: X ::5«32: ::5«30: «ar : 5.31: - :: 
iS.16: X :;5.10s ••.X ::5.18t X i}5*20: «• :j5,21t - t m : 5.16: - :: • 
t6.38: X :«6 • 31 i X ::6.28: X ::6«19: X t:^«2di X t:6.20t «* : 6.20: « :: 
t6»30i X ::6.17: X I:6*12: X ::6.07: X ::6«12: a« ::6»12: - • • 6.13: mm :: 
t6.12: X ;:6,08j X ::6.06t X ::6.04: X ::6«04j - ::6«03t - t 6.00: - :: 
'tS*90: X ::5*83: X ::5.80: X ::5.80: X ::5.82: - ::5.85: - : 5.82: - t: 
V5o69: X ::5.75j X ::5,72: X ::5.72J X t:5»72: - ::5,75: : 5.74: «• :: 
•*5.57: X ::5.66t X ::5«62: X ::5.63: X ::5.65: - Xt5«59: : 5.62: - :: 
»5.46i X ::5»50: X ::5«52: X ::5.55: X ::5»55: - :t5*52: - : 5.52: mm :: 
x5.S7: X ::5«40: X ::5,44: X ::5»4l! X ::5.42: ::5.45: » « 5.43: - :: 
t5.27: X ::5.27: X ::5»27: X : :5.30: 4m ::5.32] - ::8.30: «• » • 5.31: - :: 
i5.16: X ]:5.18: X ::5«18: X : ;5»20: - ::5»21: «W : : 5.16: mm • • • t 
i6*58} X ::6«ol: X :t6.28i X }:€«19: X ::6f20e X ::6«20t - : 6.2O1 - t: 
i6,Z0t X ::6.17: X ::6»12t X : i6»07: X ::6«12: - :t6«12: > : 6.13: «• : t 
X : :6»08: X ::6«06( X : :6*04: X ::6«04: - :I6>03: > • • 6.00; mm : t 
:t5*90: X ::5«83: X ::5.80: X ::5*80: X ::5»82: - :J5,85: m : 5.86: : 1 
;£&»69: X ::5«75: X ::5*72: X ::5,72: X ::5.73: - ::5.75: tm : 5.74: mm I: 
1x5,57; X t:5«66: X :;5«62: X : :.5.63t X ::5^65: - ::5#69: - • • 5.62: t: 
i|5»46; X »:5«50: :»5«52t X } X t :t5*52: CM « • 5.52: mm :: 
"t5.S7j X I:5«40: X :x5*44: X s s5.41: - ::5«42i - ::5.45: t 5.43: - 11 
rt.5,27: X ::5*27: X ::5.27: X t:5.30: a* t:5.32t - ::5.30: m : 5.31: M 11 
e«5«lGt X s:5.18j X ::5.18» X i:5.20: ::5*21: - ::5*11: - : 5.16: - : t . 

•-42«" 
Incubated at 37® C» 
;! llo llaCl I* 3^ HaCl \l 2?S llaGl )] SjJ HaCl l\ EaCl ]] llaCl 
** «• !• 11 «• «i 
jt jj pn iGroTrtaiji pn iGroiftlui pH tGrovrfchj; pn tGrovrfchis pn jGrot/tli:: pit :Gro\Tfcli 
tt6*5Q: X t!6;3i* X :t6«28: X' stGjigj X S36;203 •• 3 3G»20S X 
80® C. 
: 3€«30t X JJG;X7I X ts6;i2> X tj6i07» X 3 36«12i X 3 86;123: 
t t6«l21 X i}6*00s X :s6»06t X t tG»04i X 3 SG«043 X 3:G*05s. 
ti&«90t z; X Is5«80t X :»5;80: X 3:S*82$ X 3:5;853 
t:5«69t X Jt9;75: X SJ5;72» X 3 tS •72: X »!5;733 X 3 35*753 
for 20 t x5i57j X t i5«66s X t:5>62t X I sGcGSi X :S5;G5S X 8S5;S93 -
is5*46: X {:&«50t X :i5«52t X {;5»55: X 3}5;553 ~ 335;523 «» 
t»5;37» X it5*40t X it5i44t X 315«41: tm- 3 35*423 w* 3 35*453 
min* ;s6;27s X t:5i27s X ij5.27S tm t:5«30t 3 35*323 3 35,503 
st5;i6t X tt&*18t X :J5;18: - .  :i5*203 3 35.213 - : 3 35^113 •• 
^:sGa^Bt X »t6.31t X ;t6*28t X 3 sG.lO; X 33^*^63 «• 3:6.203 X 
4»6;30» X •t6;i7t X :sG^2t X 3 36i07s X 3 36;123 M 336*123 -
85® C. stG;i2t X t{G*08« •M' t sG*0G: X :sG.043 S36;04S X 3 36*033 *» 
:s6«g0i X tt5*8St X sJ5«80S X t:5.80t X it5;823 - 3 35.853 -
for 20 :t5»69t •» MG;75I «» »j5.72t Mi 3 t5*72i - 3 35;733 3 35i753 » 
uS.STs « ttGaGGt X t:5«G2s X 3 35;633 «•> 3 35.G53 -• 3 35.593 «• 
mln. :(5 >461 - st5,50: - ti5«G2« - 3$5t55: •m 3S5*553 - 435;52S -
i»5;37t tiS»40« - »i5i44t 3 35*44: - 3 35*423 « «6i453 
tt6;27» »s5,27s w »t5.27i •* stSiSOj - 3S5*S23 «• 3s5.3p3 lr« 
t 'm *:5;i8t - : tS'sldt - 135*203 « 3 35 *213 - 335m3 •• 
tt6»38i X uG.Sli X rtG«28i X 3 3G,193 336*^63 - 336.203 •a 
isG;30t X Jl6;i7t X t :6^2t X 3sG;07t X 3 36;123 .3 36.123 «• 
90® C. tt6;i2s — ttC«08s isG»OGs - t3G«043 •f 3 SG«043 336;03S 
115«90« tt5*83t *• 1t5«80t 3s5;80I mm 3 35*823 4M 3 85;853; «• 
3 t5»69t tt5',75t w t(5«72: - SS5;723 - ss5;733 *• 3 35*751 -
for 20 t >5«57} - tt5«G6t vt5»G2t i35;G3t M 3 35*653 — 335;og3 -
tt5;4:6t •• ' ttGcSOt - s35*52: -i ||5;55S - 3 35*553 - 335.523 m 
:»S;S7| -- tt5»4Qt i»6i44s •« ts5;41t - 3 35*423 M 3 35^453' «« 
mln. :t3«27t ti5;27t mm s»5;27i 335*303 - 3 35;323 - 8 35;303 
t s5«16t m »}5*18t :i5.18i t«6.203 -• 3 35*213 - 3 35.113 — 

TaJ3LE VII (COII Tiimo) 
It 
«t 55^ ITaCl 
It 
:: 
6^ llaCl 
t t «  
It: 
Incubated at room ton^ooratvir© 
Ho HaCl ts 
:: 
3^ IlaCl 
rfcllii pH :Gro\'rfcl l i t  p i n  i G r o v r t J i  j j i  p H  i G r c w r b h t t  p H  t G r o v r b h i t  p H  i G r o v / t l i  t pn iGrowfclitj pII tGi'Ovsrbhtt 
ti6»20: X }tG«20f lltSfSBi: X t t6*51t X tl6;28t X IG;I9I X 1 :G«20s ' M tt6;2Q 
- tt6^5t tft6>30t X tj6;i7t X tt6;i2t X »6;07i X tt6;i2t mm t tG.12 
::6*05: tt6«dOi 'm- If 16*121 X itG^OSt X ttG*06l X i6i04t X ti:&*04t mm 1|6;03 
,:i5i85; .M 1t5«d6x f;f5«90t X tt5;83t X tt5«80i X t5*80t mm tt5;82t m* st5«85 
J:5i75: t i S 'Mt «• ijj5iG9t X t»Ci75t X i:5.72i X »5;72t - ts6,75t; is5.7S 
t15*59: • txSlGZt Mt5,57i X ti5*G6t X t s5*G2i X. tS;63t ttsies'i M <t5;5S 
ts5',BZt ts5;52t 1 t<t5*46t X-- t *5;50i X t t5*52t X"' l5,55t m tiS;65s — t:5.52 
ttS^&t t:5;43t •- t:t5«S7t «*' 1*5*40$ X tt5»44t X |5;41> mm t«5*42i - .  tt5*4S 
t:5«30] «•« it5;3li • '  •• Hi5i27i s»5*27t X tt5*27l X ts;30t «• t}5»32t •* n5;3C 
V its;n; tt5;i6t t t»5*16s 1:0;i8s X t s5Vl8: - .:5*20i - 3t5*2l: - IIBAU 
:J6«20: DC •i:"(i';26V" tst6^38t X t-i6,31t X ts6«i^bt X »6.19s mt • t tG*^Ot " tt&^ZZ 
tt6«12: t:6;i3s . **" »tt6;S0t X *:6;i7s •» iiG;i2: X X6;07J mt ttG;i2: 0m ttG;i2 
tiCiOS: tm it6«00i - t>t0«12t X tsG*08i X siG*OGt mm t6i04t «•. It6«04: - t:G;OS 
ttS'tQS; 00 115 *851 «• itt5*90t ' *• tt5«83t X t t5*80i t5«80t ts5*82t - 115.8£ 
t»5;7G: :i5;74j |tsi5*C9: ~ , : t5*75« X is5;72i - iG;72t - iiS«73t mm i:5.7£ 
si5 *59: tt5»G2| - bt!5;57i HH e i5*6Ct m» tt5',6St m* I5.G3I - «tS *651 - :s5;5£ 
.»s5;52! - It5*52i ' «> iit5*46t mm- it5*50} ma 1 s5«52t mm :S;55: - 185.551 - st5;5J 
•«5i45! M :i5*43t •> stl5*S7t • - t s5ii40t *m t:5'*44t tm s5;41i «• 185.42: mm tt5.4£ 
.t :5*Sp: M ts5*31f «*' ktjS;27t - ts5j27» ti5«27i « t5;S0s - »t5;S2; «» IJ5;3( 
ts5ill» «* t t5*16s I»si5;i6» - t«5«X8t •» t«5*18t - t5,20i - tt5.21t •« tts.i] 
t:6«^b: Ii6*20t jtis&tSBi X t - X t«G.20t - Xs6*2( 
.rt6*12: tt6;i3: btt&.oOt CM ' tt6il71 X iiG;i2t •* :6;07i X t tG«12 a - ttG;i: 
tt6;03: - tt6*00t >ttG*i24 w ttGcQSt m* tt6;0G» mm }G*04t m» SS6;04J. •* s t G .Ot 
1t5«8&: .. tt5;86i «»' ksr5*90t 4m st5*85t <s5i80s i5;80t - t35»B2't mm :J5;8{ 
I*5i75: M st5;74i «* ris5*69t mt t»5;75t mm tj5;72t •mm. :5;72i - i»5;7S» - ttBVn 
t:0«59: .. t t5«62t |iit5*57: - StSeCGs ** st5'*62t - - ti5*65: ts5;si 
:;5;52: 'M ti5«52t B««5*46t - :t5*50$ mm tt5»52t » t5*G5t ttSaSSt mm 115«5< 
tt5'A5t M tt5«43t «• k»s5;37i •mm tt5i40» •« ::5*44t - .t5*41t m* is5i42t - £t5.4i 
3t5;S09 M ti5;SXt, • bTSt5i27t - mm . js5i27s i»5.27i - i5;30i tt5*32: ' mm t}5;3( 
tm ss5*16» Vtt5*16i - ss5*18t mm 'rtt5*X8t mm s5.20i mm iit5»21i •mm ss5,i; 
2^ ITaXJl ^ HaCl It II ITaCl 
It 
11 
:r 

I 
3D) 
Incubatod at room tomporaturo 
lie HaCl !' 3^ ITaCl *\ 2^5 ITaCl '* HaCl " UaCl |J HaCl ]] ^ KaCl ** • 
^  •  •  . J #  . S « .  • »  • •  
ftll tGrowbhtj pH sGrcrfrtla: s pH tGrovirtih.»j pll tGrovjthtJ pll, tGrowbhtt pH, tGrov/fch: t pH tGrovrbhtt 
j38t 
;30t 
,x 1t6*51i X it6;28} X ti6*19t X t:6;20s ' «• tt6«S0t mm' at6*20t mm xt 
X St6;i7t X t t6«12t X ::6;07» X t tG*12t - t»6;i2j «u» ' w* H fl2t X ts6«00t X tiG*OGt X »t6i»04t X :t6;04t ««* 1t6*03t mm tiG.OOt tj 
*90t X tt5;03i X :t5,80t X tt0»80t - i t5«82< •* tt5«G5t w ttG,8Gt •t tt 
;c9t 3C tjC;75t X tt5*72t X tl5;72s *• tj6;73r. t?G»75» «• J:6i74t mm it . 
;57i X tt5*66t X t s5*62t X. , it5;6Si - t t5»G5t •M ttG.Ggt - t:G«62t - tt 
;40t X-- t t5*50t X tt6;52t x"' tt6*55t - t4&«55a «•' t tG*52i - :sG«52t «•' tt 
i37» tt5«40« X i s5*Mt X m tt5«42t. •wm tt5;45t •m xtG*43: - t: 
:z7t •• !»5»27t X tt5.E7i X tt&«30t *» tt5*32t " ' IIGaSOI «»' jtG;sii •mm tt 
;i6t - «• ttSllSs X t t5V18t ti5;20t - :s&»2ls " i:5«!Lls mm itGilGt 11 
X tt6*3!Lt X ts6*28i X It6ll9« wm • t ttGv^Ot 1" t sGcisdt mm tt 
;30t X t:6;i7t mm t:G»12: X itG;07t - »:6»12: i t6«12« - M* 11 
;i2t X is6*08} X tx6«06t - :3G*04;t 3t6*04: - •  t:G;03t - tsGsOOt - : t 
;9Qj ' *• t:5;B3t X tt5;80i - t t5«80t - ts5*82t - ttG«8Gi - »:»5.8G: - tt 
•Qdi :t5;75t X j;5i72t «•* t»0;72t «« t sSa73t m ts6,75t ts5i74« mm tt 
l57t st5»66} » tt5;62t . MM i)5«C3« - t t5»G5t ts5«59: ' «• ttG.G2t - tt 
;46i tiSsSOt tt5*52t mm t}5.55s ts5*55t :t5«G2} mm st5»52t - t s 
;s7t .M- tt5«40t t45i44t M' t s5«41t rt5«42t - ti5«4G: tt5»45a %m 11 
;27t ts5;E7t - t4S«27J - it5«S0t - t«5;S2! «»' tt5*30t '«Mk' Sj5,31t - 11 
;i6» - t •m »tG«18« «• tt5«20t wr tt5*21t «ar ttGvllt •«u ttG*lGt - 11 
X t -• ts6«^Qt X «t6*19t ** ti6.20t •• t t6«^0t tt6*20t - tt 
;30t t»6;i7i X it6;i2i •• Ji6i07! X »:6;i2t «• t:6U2» «• ttG»12t mm ' : t 
;i2t -•W ttG«06t «• t t6*0Gt > tt6*04t «•» - t tG*03t «» tsGaOOt M t a 
;90t si5'«85t •> tt5*80: — tt5;80t - t}5«82ii am ;s5;85: i tG«86t mm 11 
;69t m ttG;75t •0 ts5;72t mm. tts;72t - »tSi7S: - s:5»7G: «W tt&«74i mm 11 
;57s • tt5«G6t :t&'.62t - - ti5«6G: tt5;59« - :3&*G2t •• tt 
;46i t tG«5dt m tt5;S2i — t^ScSSs Mt tt5«5St - tt5«52t mm ttG»52j; mm tt 
;37t tt5*40t •« . :s5i44t tt5»41s »» ts5i42s - tt5*45t mm ttG«43i mm tt 
;27t .ts5.27s tj5i27i - t ts;sot ts5«32: - t}G;30: M ttG.Slt *m» tt 
il6t s:5.18s i;i5»18i ••k t:5«20i a* t»5»21j t tGcllt - 1tG*lGt - 11 

pll valxiGQ of C.20, 5.21, 5,59, and 6,13, rocpec-bivoly. As tho salt 
conceiTbration inci'oaGod md the pII docroasod, tho hoat rosistanco of 
the oi'^aniom docroaoed. In the sainples inoubatcd at rooT.i toraporatviro 
no 2i*0Yrbh vnxc obtained vath 5 or 6 por coiib salt at any of tlio ox-
po£3ureG. Tho results obtained vdth 1, 2, o, and 4 por cent salt vroro 
vory airailor to thoco obtained at S70 c., except that the time required 
for gas production V.UB [greater nith the Boiaploo incubatcd at room 
toiiiperatiure. 
Description of tho organism. Tho organism cauGing gas production in 
crcm cheese sva-eads could bo croTm only in poptono-litmus milk, in 
litrauc milk to viiich a email amount of Roquefort typo cheese liad boon 
added and in Roquefort typo cheese emulsion so that many of tlie tests 
commonly used in tho preparation of a description of an organism could 
not be made. Since tho organism v/as very resistant to hoat, it is 
tentatively placed in tho genus Clostridium, even thougji sporos wore 
not observed. Tlie name Clostridium peptephilum is proposed. Tho 
description of the organism is as follovrat 
IIorpholeE:y-; 
Sliape; Rod 
Sizei 0.7 by 2.0 to 2.5 microns 
Spores: Sporos not observed even v/ith special 
spore stains 
Staining; reactions: Organism stained readily 
v/ith ordinary stainsj gram negative 
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Ct]3.tm'al charactoriGtic3; 
Poptono-litmuD milks In tubes coalocl vdtli 
paraffino-vasGline plugc tlioro v.-as 
rapid roductioia of the litnuG and 
gas pi'oduction. 
Roquefort typo cheeso eiaulsion; In tubes 
isoalod vd-th. poi-affine-vasGlino plvjgs 
gas v/UB produced. 
Grovfbh requirements; 
Oxygen rolationEships Obligate anaerobe. 
Qro-rbh tonporature: Oi-fr,anism grev; boot at 
S7° C», but also grevr at 21° C, and 
at SQO C. 
Iloat rosietance: In pex^tono-liteus nilt or 
Roquefort type cheoGe emulsion, at 
jjIC 6»50 the orcaniGm vdthstood 95° C» 
for 20 minutes but at pll 5»40 and 
belovf it did not vdthstand 80° C« for 
20 minutes. 
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Studies on Liquofaotion in Croaia Chooso Spreads 
Description of tlio dofoct. About tho tirao that tho outbreak of gasBi-
neos occurrod, tlic saiuo plant bogan having trouble vath liquofaction 
in a fow varieties of oreoni clxoeso opread, eapocially tiio Roquefort 
and pineapple spreads. This defect developed in about 3 to 4 v/ooks 
at roon tomperatxire and in about 5 to 10 days at 37® C. Only a SEiall 
porcontago of tho jars in a batch shovrad liquefaction. The dofect 
occtirred in all degroes. At -Uie one oxtreme only a cmll onount of ^ 
I 
liquid collected on tho surface of the spread vAiilo at the other ap­
proximately ono-half of tho spread in a jar vras liquefied. I^en 
liquofaction v.-as extensive the liquid colloctod around tho outside of 
tho choeso spread and v/as translucent. In some instances enouch gas 
vjas produced to release tho vacuum seal, but in most cases tlio lid 
roiMxinod in place. VJlien tho lid v.-as removed a vory pronounced putrid 1 
odor mc noted. 
lUcroscopic oxamination of tho liquefied spreads showed on abund­
ance of orgaiiiams of variovis kinds, especially streptococci, molds, and 
gram positive spore bearing rods. The streptococci and molds vrero to bo 
expected since the cheese spread contained cream cheese and Roquefort 
type cheese, but tho large numbers of spore bearing rods euggosted that 
the flora load been modified by tho gro\7Lli of orgaJiisms in tho spread. 
imAQM 
Isolation of tho causative orF.emigm.. I'Vom tho mruior in v.'iiich tho 
croam chooso nproacl v/aa xnanufacturod and packed it would bo aasumod 
that the liquofaction \ms tho result of tlio action of an anaerobic 
STJoro fominj; orcrmisia. 
Loopfulls of tho liquid from a joi* of liquofiod choeso sijread 
vrore placed in tost tuboc of litmuc mill: cmd covered r/ith paraffino-
vasolino plu{:;s. Tho tubos vraro thoii hoated at 85° C, for 20 minutoa, 
cooled and incubated at 57° C, Aftor 4 to 5 days tho lailk in most 
of tho ttiboG viUG complotoly digoctod, leaving a dark brovai liqviid, 
v/iiile tho roiaaindor of tho tubos wore ujichanfjod. The organisnD in the 
tuboG oliovrinG protoolyeis v/ore purified by roraovlnc a fow drops from 
oach vdth capillary pipottos and placing; tliem in tubos containing 
approximately 9 cc. of litmus milk. One cc. of tliis vras transferred to 
aiiothor tube of litrauo lailk. This gonoral xjrocodure v/us coiitinued 
xmtil a series of ton tubes v/as obtained, each containing approxiinatoly 
onc-tonth as heavy cm inoculation as tho tube preceding it in tho series* 
All of tho tuboG vraro covcrod v;itlx poraffino-vaselino plugs and held at 
85° C. for 20 ndnutoG, cooled and incubated at 37° C. Tlie highost 
dilution that shovrad reduction of the litmus and thon proteolysis xms 
purified farther by tho agar sholco notliod. Boof infusion plus 1 por 
cent dextrose vnxa usod as tho nodiun vd.th this method. Tubes contain­
ing approximately 9 oc. of neltod a^ar vrare cooled to about 45° C» A 
fov.' drops of tho cultiiro to bo ijurified vrore placed in one tub© of 
tlio agar and thoroughly nixod vn.th it. One cc. of this mixture vm.a 
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•fcrrmaforrod to tho noxt tuljo and tho prooodui'o continued until a 
series of 10 tuboG r.^as ohtainod, each containing about onc-tontli as 
hoo.vj'- an inoculation as tho tube just procoding it in tho sorios. 
Tlio mediuija vra.s allovTod to harden and tho tuboa incubated at 57° C, 
for 3 to 4 days. Tlio bottom v;as broken from a tube Imviiig a fov; vroll 
defined colonies and colonics v/ero piokod into tubos of storilo litmus 
milk. The tubos xvero covered v-dtli paraffino-vaseline plugs end i*!-
cubated at 37° C. Tliose tubes ivhicli shovTod reduction v/ith subsenuent 
digestion of the milk vroro considered to bo pure culturoc of the 
organism in question. Kicroscopic examinations s!iov;od gran positive 
spore bearing organisms vAiich v/ere about 0.7 by 4 to 5 microns in size. 
Tho si)orcs wore located in tho ccnter of tho cells giving the organ-
ion a spindle sliape. 
Sixteen cultures of tho liquefying orgaaiisiac wore isolated from 
as many different lots of defective cream cheese spreadj 14 of tlie 
lots wore Roquefort tyjie spread tmd tho other 2 vrore pineapple spread. 
Vjhon sterile cream choose spread vre.o inoculated with one of the 
organisms and incubated at 37° C., proteolysis was apparent after 6 to 
0 days, and the proteolysis continued until the cheese spread ims 
completely suri'ounded by clear liquid just as it v/as in the original 
defective jars. In most cases a small amo;mt of gas v.'as produced. 
Figiire II shows some tubos of sterile chooBO spread v.hich v/ero in­
oculated vritli pure cult\iroB of tho liquefying organism and incubated 
at 37° C, 
I 
CO 
I 
m\ 
TJninoculated 
control 
Inoculated Inoculated Inoculated 
vri.th vrith v/ith 
Org. Cl-6 Org. Cl-11 Org. Cl-9 
Figure II. Type of liquefaction obtained by inoculating sterile cream 
cheese spread vd.th the organisns indicated. 
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Bffoot of salt (iTaGl) conccatration and the pH of tho modium on tho 
heat rosistcmco of tlio liguofyiz^^ orf!;anism. Prolimlnary studicB shovfod 
that tho i^IT alono or tho pll plus tho usual toiaporaturo used in propai'-
Ing chooso sia-oads viould not provonb liquefaction of storilo croom 
choose inoculated vath the organicra isolatod unless the jiII v/ae GO lov/ 
•bxiat it gave tho spread on objectionable flavor. Tvro trials were 
carried out to detorraine viiother or not a lov/ercd pII in tho prosonce 
of salt (riaCl) Vr'ould reduce tho heat I'ccistanco of the orgajoism to tlio 
point v.hcrc it vrauld not liquefy iiioculated chooso spread after oxpo-
sm*o to lie at. 
In the first trial. Organism Cl-9 v/as used as tho tost organisia. 
Each of seven flasks containing 1000 cc. of storilo littaus millc per 
flask v/ero inoculated vritli 25 cc. of a 40 hour litmus lailk culture of 
•Klio orgaiiim to be stoidiod. Hie pll of one of tho flasks vra.s deter­
mined and tv;elvo 10 cc, aoaplos wore placed in sterile tost tubes, A 
snail caaount of lactic acid vms added to the remaining milk and 
tlioroughly distributed, the pH v^is determinod and tv/elve more 10 cc, 
saraplos were taken. Tliis sixne general procedure ms rexjoated until sis: 
series (each series having; twelve tubes) vrore obtained. Each series 
differed from tho otlier only in the pll. One, tv/o, tlxreo, four, fivo, 
and six per cent storilo salt, respectively, vms added to the otlier 
six inoculated flasks of litmus niilk. Samples v/ero tal:en froia each 
of those flasks in the scuao nannor as from tlie flask to \mich no salt 
vras added. All of tho tubes vrare covered viith paraffino-vasoline plu^a. 
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Tho coTon salt conoontrations and nix pll series gave 42 coiribinations. 
Tvm tubes from cach of thoco corabinationo vforo hold unlieatod ond tvra 
tubes wore heated at 00°» 70°, 00°, 90° C. and in boiling water, 
roGiJOctively, for 20minutos. One tub© from each pair nus incvibated 
at 37° C» Olid tho other hold at roon toiaperaturo. Observations v/ere 
Eiado at tho ond of 10 days on the tubos incubatod at 37° C. and at 
tho ond of 35 days on tho tubos incubatod at room tonrioraturo. Re­
duction of tho litmua v.lth proteolysis vras considered ovidoneo of 
grovrbh. Tlio results are given in Table VIII. 
The table shoiva tlmt at 37° C, all of tho tubos containing 3 per 
cent salt or less gave grovjth regardless of tho pll or of tlie 
tstiv.poratva'0 to vAiich they trere o:q)osod, Y^iiilo vfith 4 per coiib or noro 
salt tlae grotrbh \mG irregular. V/itli 4 per cent salt no grovrbh oc­
curred at pn 5»26 v/hen tho cultures vrero exposed to 60°, 00° C. or in 
boiling imtor for 20 minutes, vdiile vdtliout heating and vdaon exposed 
to 70° or 90° C. grovrfch occurred at this sano pll. Vfith 5 per cent salt 
no groT.'th took place at pH 5 #40 or lower v/ithout heating or viion exposed 
to G0° or 90° C., but did occur v^ion heated at 70°, QOO C, or in boil­
ing \mtor for 20 minutes. Vlith 6 per cent salt no grovrth occurred at 
pII 5»56 or loi'/er riion heated at 70^ c. or in boiling \mtor for 
20 minutes and no grov/th resulted at a pll of 5.40 or IraTcr vdien exposed 
to the other tea^^oraturo used in the trial. Vflion room temperature v/as 
used for incubation x^roteolysis v/as much slevror in developing, and the 
results vroro even moro irregular tlian they v/ere in tlio cemplos incubatod 
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THE EFFECT OF TIIE SALT (HaCl) COITCEITTRATIOII AIID T: 
LitinuB millc, v/lth Gait added, inoculated • 
sanploa oovored v/i-
t: 
Iloat 
t 
troatment. 
Incubated at 37° C„ 
ITo UaCl Ifo IfeCl it 
:: 
^ IlaCl 11 3^ mci HaCl 
t: 
: t 5fo IfaCl 
: -pn Grovfbh : Growth J t pH Gro\Tbht t , pH jGrov;th:pll Grovrfch :: pll :Grovfbh • k • • 
t &;55 + i6«42s + : t6«37 + :»6«37J + t:6;37 + t:G«S4t + : 36 
ITo • « 6;27 + t6*25: + : iGalO + , X:6*10: + :t6*10 t jGi07! 4 3:6 
i D;95 + :5;95! + :J5;87 + : i5»85: + ::5i85 + t;5.82: + 3 35 
heat t o;64 + »5i70: + t :5*62 + 3 t5«G2t + : :5«6S + . i s5»G0: + 3 35 
• 
• 5;40 + t5«45t + :i5;42 + :i5;42: + t:5«41 + ::5«40: mm 3 35 
• 
• 5i22 + tGiSO: + st5;S0 + t«5i28: + ::5*26 + tt5;25: - 335 
600 c. « 9 6;55 + t6;42: + Jt6;S7 + ::G;S7: + tj6;37 + t:6«34t + 336. 
• « 6;27 + s6«25: + :16*10 + ::6»10t + 1tGilO + • t:6i07; 4 3 s6 
for 20 : 5;95 + ;5»95s + :J5;87 H- i:5*85s + :!5;85 + : t5a82: + 3 35, 
t 5.64 •f J5;70: S15.62 + •.i5;G23 + }t&«65 + ::5«G0: + 3 35 
niin. : 5;40 + :5«45t + :$5*42 + : s5t42: + sr5;41 + s:5«40: - 3 35( 
t 5*22 + j5i30» + ::5«S0 + - tt5i28: + : ;5i26 mm :t5i25: M* 335, 
70O c. I 6;55 :G*42t + :;6;S7 + i:6i37: + :»6;37 + 3:G*34: + 3 36i 
: 6;27 + ;6;25t + cs6il0 + :zG.lO: + ::G«10 + st6i07; + 3 3G1 
for 20 : 5;95 + :5;g5t + ::5;07 + : sS»85: + t}5«85 + 3t5;82: + 335i 
• • 5;64 + J5;70S + i t5«62 + t :5«62: + ii5;65 + :35*60: + 3 s5i 
rdxL* i 5;40 + :S«45s + 115«42 + i ?5«42: + t}5«41 + ts5«40: 3 35( 
• • 5*22 t5,30t + tt5«50 I:5428: + t t5«2G + :s5,25: - 335< 
+ gas production, and protoolyais. «• no gas produotioTJ. or pro+eolyBii 

!EAJ3LE 'VIII 
iTCElimTIOil AIID TiEE pII OF IE E HEDIDU Oil TIE HEAT RESISTANCE OP LIQUEPYHK} CSIGAIHSII Cl-9 
ddod, inoculated vri.th 48 hou r litms milk culture, 1)11 adjuatod \Tltlx lactic acid, 
eonploa covored v/itli paraffin ' o-vnsolino plugs and hoatod. 
!; Wo llaCl \! llaCl 
:Gro\Tbh: t pH :GroYrfch 
t t i  
;:r 
is:_ 
> * • * 
* • • 
' « • • 
Incubated at rootra. teaporaturo 
Ho HoCl 1% ITaCl Zfo HaCl HaCl 4^ ITaCl 
pH tGrov/th.{j pll :Grovrbli:i pH jGrovrbhi: pH 
)it6«34< H- t:6*56i + :i:6»55t + st6»423 + tt6;37t + :t6;37: + t:6;S7: + t :G«r 
J »6«07: + ::6»05: + sii6;27j + i:6;25: + :t6«10t •l- :tG*10: + t tG*10: + ::6;c 
ts5«82: + itSiSls 4- + ttG«DOt + »»6;87t 4- ::G«8G: + •t tGiSGt + :tG;{ 
t:5*60t + ::5*56: + } : xG«C4!t + tt5;70: + tfG*62t + ttG«G2: + . i :G»65: t:5;( 
: s5«40s «• ::5«40t - »J j0i40t + it5«45: + 315 «421 + 115«42: + :t5;41s + XJG;^ 
ttSiSS: - j:5i27t - , t: s&*22: + :tG;S0: + :xGaSOt + :t5«28t + : t5*2Gt + t:5*( 
t :6«54t + :tG*36: + 11 t6(55t + + s:6.37s + t + Vte;iiVt + 
t s6i07: + IJ6,50: + ::i6;27t + t x6»25t + :t6;iO» + :tG^0: + t t:G*10t + tt6;( 
t tG»82t + ::5.81: + tt :5*95s + ;tG«9G: + :»5;S7J x t5»85: + ttSlOG: + t:G;( 
t i5«G0: + :s5;56s + 
" 
«:t5i64j + tj6;70; + ::5a62t *• t}G«G2: «• ::5;65t :tG*( 
::5;40: - ::5«40t :i:5;40; + 115«45: + it5t42t + tsG*42: m ttDf41t «• ttG*^ 
it5;25: - :s5i27i tt :5*22: + tt5*50t + ttG»30t :t5;28t + ;tS;26t t tGii 
::6»S4: + ::6«56t + tt:6«^5t + t:6»4^: + ttG»37: + i:6»37: + :}6*37't + t «6*: 
} »6»07! + ;:6»05i »:t6i27j + :t6»25c + t:G;i0t + :t6»10: + itG*10t + x tG«< 
ii5',QZt + :}5;81: + t;t5*95: + ttS.gS: + ss5;87t + t:&«8G: + ii6;e5s + : :5«l 
:s5«60: + :i5«56: 11:5»64: + tt5;70t + :t5«G2: + :t5»G2: M t:5«65t + t x5*l 
ttS»40t + t:&»40t m $tt5«40s + ttG«45t + t:5«42( -• 115«42> ttG;41: + xxG*' 
:{5*25: :i5.27! • s t5 0221 + ttG.SOt + ::Gt30t - t:G«28: + tt5«26t + 115«: 
Growths t pll :Grov/thjt pi 
bion or pro+eolysis. 
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IBDIUU OH TIIE lEAT RESIGTAIICE OF LIQUEPYIIJG QRGiUTISII 01-9 
.itrms milk oulturo, ])n adjuntod vrltli lacbic acid, 
nasolino plugs and hoatod. 
^ Incubated at room teaaporaturo 
; Ho HaCl 1% llaCl 2fo IfeCl . 5% Had ITaCl Bfo llaCl 00 ITaCl 
pH iGrov/thts pll sGrorfbhts pll Grovrbhi j pE :Grovftlii j pII tGrovrfili t pII tGrovrbli:: pH ;Grov/tli j 
t6;55» + t(6 *42: + J:6;37» + t t6\Z7t + xt6;37x + s:G«34x + X xG»3Gx + XX 
j6;27t + t36»25: + ::6«10t !SG;10: + X xGclOx :x6;07s + :xG«05x + It 
tG«95: -!• ttC;90t + t iGlmi, + :;G;85: + •jx!3;85: + X X5*823 + xxG.eix + X s 
t5*C4s + :s5;70: + t:5«62i + rt5«G2: + :35»65: -• X t5*G0x + $ x5«5Gx mm * # 
(5«40t + stS.AS: + s:5«42t + :»5;42! + x t6«41t + xx5*40: *» xx5*40x •» « • 
e5'»22: + !t5«50: + ::0;30J + :t5;2Gx + ;x5;2Gt + :S5;25: xx5;27: 
td«55: + i t  + ' t t&'M' + + X :Ga37t + xxe#54: + X xG aSGx + :: 
tG',Z7t + i s6a25t + :tG;iO} + :iG*10x + x$G*10x + xx6;07i + I:G;05S + XX 
tBjaSs + :t5«95: + :»5;87J xsSiSGx + + I:5*82X + ::5«8l3 + XX 
t5i64: + t:5;70: + t :5*G2i *• I»5;G2X m :x5«G5 X X x5*G0x + IxOcSGx + IX 
:5;40: + t:5«4&: + t:5f42: + ts5«42: tm t x0»4ix xtDi^x - X85i40; mt 2 2 
:5;22J + ::5;30: + xt5*30x «» x«5»28x + :x5«26x «» xx5;25x - XX5»273 mm 
+ t:6.42: + MG.37S + :t6»37x + xx6.S7x + 116»34; + X xGoSGs + : X 
tGlZTi + t$6»25t + :SG;10S + X sGclO: + XXG;IOX + ix6;07! + XIG;05X ***' • s 
:5;95t + tt5;95: + SJ5;87: + ts5«8G: + sx5;-85s + xx5;62x •* xx5«81: + t2 
t5;64r: + s»5;70». + :t5«G2: + :t5;G2x - xs5«65x + X x5*G0x + SX5;563 m {2 
+ S35;45t + i  :5442 c mm- ]t5;42x + X x5«41x + txG*40x - ilG;4Gx •" i t  
t5*32: + x»5.30» + t:5.30i - X:5»28x + s x5«26x + xx5«25: - xx5»27: t t  
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TABLE 
Heat 
troatniont 
t: 
: Inouba-fcod at 37° C» 
! ITo II&CI ;. 2^2 ITaCl 
• • • 
. pll tGroviffchs: pH jGrovrth 
^5 ITaCl s: 
: I NaCl 
11 45'i HaCl 11 :: 
rs* O/o IlaCl 
} pH tGrov/bhtt pH :Grovrulijj pH tGro^rblut pn jGrotrbliji 
GOO C. :t6»55j + 1:6«423 + t j6 »37V + '  ' }  t6»57t + j»6.37: + SJ6;34: )tC 
i JC*27 : + :t6*25t + a jGtlOs •1- :tG*10t + :iG.lO: + st6;07: + : tC 
for 20 :t5«95: + tt5«95t + j:5,07: + :»5;05» + «t5«85t + :i5;02: .'•fr :t£ 
:t5«G4: + J tGi70t + :t54G2t + 125«62t + tt5;65: + 3 sSjGOt + 3 t£ 
Biin* ;j5i40s + I:5«45s + t s5»42: + . }:5»42t + 1)5•41* + t:5*40: + S4E 
::5;22j + tt5*S0; + tt5i30: + :t5i28i + t t5*2G) - 4t5'i25t - s»E 
90O c. :t6«S5: + t:6«42t + :>6*57: + ::G*57: + ::6.37: + JJ6,34: + t i C  
::6*27s + ti6;25t + ttSilOj + itGilOi + t tGvlOt + ::G;07: + s tG 
for 20 :J5;95: + s:5a95: + :»5;87: + :t5;85t + •st5;85s + J :0'»G2; + : tE 
t:5«64: + 1t5#70t + {{5*62: + i:5«G2J + : t5«65« + t iGcGOt H- : lE 
mln. tt5«40t + ;»5;45» + ::G«42: + t s5»42t + + :»G.40; M ::C 
+ S:G;30: + t s5*S0t + : :5»28t + t  i5»2G: + ::G«25: - : tG 
Boiling I:6«55i + tt6»42{ + js6,37t + + i tQ,'6it + s»6,34: + } l(i 
wator ;t6«27t + 116«25: + :iGilOj +. isG;i0t + t >6*10: t J6i07: + :t6 
for 20 :t5«9G: + ::5'.95s + f  »5".97i + t :5'*85i + : t5«B5t + 1}G*82: + t;G 
min. :}5»64s + ;j5;70: + »»5.G2s + t s5«G2t + t:5»65i + X:G*60: + t:G 
:t5;40: + t:5*45s + : i5*42} + t:5«42t + : + tx5«40: + t  iG 
;t5«22: + s:5.30» + t j5.30; + t}5.28i + : :5«26t :3G«25t (M t:G 

TABLE VIII (CON ' TXIRJJ3D) 
- ' I l l  -  •  r  -  —  .  .  . . p  .  - ,  ^  ^  ^  _  r i -  - 1  n .  u  . T JI • - n I - -i I'l n . n iij. • i r i r r i i- i - 11 - i • - —— • - - - • • 
: t: Sacubatod at s«oom toBjiicrai-uro 
!; s^ijdci (^^iiaci"';! ub ijaci !; boci IJ isjUiaci " \\ s-
• m i » — ' i »  »  I I  •  •  W W  ^  ^  . n i w  i *  . r r  r  i « i  n • • • « • < «  ( i <  m  n a  i  .  
t h j j  p n  j G r o V f b h i :  p H  t G r o v r b h  ;  t ; :  t G r o v f ' c h i :  p l l  t G r o t . - t l u t  l A I  t O x ' ' o y « ' t ; } i : t  p l l  { G i ' O T i r K i s s  p l £  t G r o r r w h j t  j i l l  
+ ttG;36i + »!•6»5Gj •f t8G«D7t •f tiCiS?: + sje;S7s + tsG^ 
t t GiOT : + : t6«0&t 4* i «ss(i;274 "r ; tC«25.t + tsCiiXOs "i" ssG.lOt 4 sGilO: 4- stGia 
::5«02: : t5«81« + •; t: jGiOSs + s tOiSGs 4 t tG;07t + {sSaOG: "i- :s5»a 
3 t5«60i + t i5«56: + 11 tSiM; •i- I ! 5i.7CI: + t:Gt&2s + i:0;02: 4- •f* rsGsGi 
t >5«40> + iJ5i40t :»st5.40» 4 :?G;'3:5? •r t sG»42t IS5»425 •mm t:G«4i 
»i5'i25t «» ts5;27» - tit5«S2t t tG«SQt -J- tsSiSO: + ts5;20s } t5^2Gs mm sss;a 
:s6;34: + t:C;26» + : s + •r : sd.iJv'j H- SJG»i57: + - tsiitZ'it 
::6;07» + t:6;05: + »!tc;27j 4- t»Ci2Gs + ::G»10: 4 5:e»10s + ttQ*10i 'Ir SJG;O 
::5.8S: + : tC»81} + t s;S*95» -4- ij5*95s ssS;07r 4 J:5,OGS + Js5;tJ6: 4- t sG*8i 
it5«G0: + : :5»56s + sBiQU + ;s5.70s •i* tsG;C2t + :t5;62s + 3t5»C5t :iG»Gj 
s tGi40s - ::5;4:0J M -t t':5;45i SSG;42J - + js5i41t 
9:5«25: m ::5;27: an 11 t5iS.ui 4- jjGiSO: •f is5;30» :t5»20t + 3^5*201 •# t«s;2i 
:]6.34: + : + ««tG;5Gt + :s6«42: + ts<5;37: + sa(i;37: + s»6;37s + «jGi53' 
ts6«07t + : :6c05: + i?tG;27s H- i$G«£Gs 4- 5:G;10; + tBG;iOj 4- isCilOt i sG»0' 
tt5«82: + t:5*81i + 11 $S«SQ: -»• tsG«9Gt + ?s5;87i + SJC;G5; + stGiGGt + t :S;Q; 
i:5»60: + 115*56: — • »ss5i64tS + tsGi70t :YG»C2« + st5»G2t + JtG.GCs H- stSiGI 
s:5«40i + :»5.40t - t::5*^0: •v s:5«4;G? + t:G,'3:2s :i0«42i s:5;41s + i tG*4< 
«:lj«25t - 1sS.27: «n :!:ts5.S2.t •+ * + tjC.305 -4- ts5,28s + ssG.26t St&aSi 

I 
Snoubatod at room tostpcfaiuro 
iCl s# 3^ : Htxoi :: ¥ • Bad " 3!;^ HaCl !* 5^ IfeCI J* ETi iJfciCi ll ilaCl " 
•ovfbhs J pll tChrot,'Uis: ptl sQi'or.'fcii: s pll :Grcn?Ki! J pll tOroiBtli:* Jill iGs'ov/tlit s yH sGrovjtlit s 
4 1 sC T'TFU s 4 tsG^37s 4 «:»<v;s7: 4 Sf6;s7t 4 S 4 jc:G«3G; 4 
+ MG«2GI 4 s sCAOs 4 ssG.»10: 4 jsGilOr ssGiCffj 4 1 iGiCCi 4 * -• » •' 
4 J *SiS5 s 4 J:5;07: 4 fsSiOOs 4 tsSiOGs 4 4' ssD^Qlt « 
4 t;S«70s 4 s i5»&2!t 4 #S5;G2: 4 rtSsG&'t 4 j:G»GOs — •SJG.GGS - tt 
4 »?S;A5? 4 t i5 '»ir2t 4 -M 4 t sSiiOs tsCi^s 4*» tt 
4 1tS«SOs 4 ta5*^0: 4 ts5;£Gs •»* »t5;3Ss - sta;25t « j«5;27: «» TS 
4 S.I6O41^» 4 ssG»S'ir» 4 tsa.3'<'» 4 4 . «s 
4 4 ::G;10I 4 I:E»lQs 4 i:c;i0s 4 !sG;07t 4 jsG;05t *• 
4 4:5»95: 4 isS;87t 4 ) sQvOGi + s sGiWs 4 ts5*82t 4 tsDiOlj 4M «s 
4 ;s5.70s 4 fis5«G2i 4 :;5*G2« 4 ss5»CSt 4 :«Q«GOs •tm 1}5*56t • - it 
4 • mtJ • 4 SS5i4£4 «•» + « VO#'^J:X-£ - t jSi^Ot •M. stCi^Ot •TT 
4 t:5;30s 4 1;G;30« 4 ie5«28: 4 s3Di2G| i iBi25t I45i27i - t "fi-
4 ts6«42t 4 ti0;37t 4 :s(5i37: + ;a6;S7s 4 t iG^t 4 uOjSGs 4- tt 
4 t tGiZUt 4 ssGvlO: 4 tsCJilOt 4 tsGilOs 4 ts0i07i 4 {{G«05{ «*» tt 
4 «sC>«90t 4 ss5*Q7t 4 stCiSS: 4 StSiOSt 4 tsSiQZs + 4 tt 
4 ssDiTO: 4 :S5»02S 4 is5',G2t ^• sts.eG.- •J- st5iGQt 4 $$5»SG} «»' tt 
4 4 s;G.42: 4 :i5«<C:2s 4 ts5i41s 4 tsGi40t - st5i40s •» tt 
4 t iMQx -i- + tsD.28s 4 si5.2Gs *• £t&aS5S - S85»S7X P* m • • -« 
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at 57° C. All of tho -fcuboa con-bainiii'^ no salt or 1 yor cont salt 
allowed proteolysis but ncvoral ti^Tjoa in tho liichcr salt concentrations 
did not, and mth ooiao of tiieso tho duplicate tubes at 37*^ C. did chow 
protoolyois. All of tlic oxpooxires v/hich jjoraitted proteolysis at room 
teinporaturo also permitted it at 37° C. 
Aaiother trial in viiieh Orj^anirau Cl-6 ivns used, ivas inade in tlie 
some nannei' as the first, excoxrb that tubes vmro not incubated at roora 
toiupera-tairo. lio salt, 2, 4, G, 8, and 10 per cont salt, rospectively, 
v/oi*o added to tho G flasks of inoculated litmus milk. Seven pll 
series vrore eaaployod, ranging from pH G.GO to 4.92. Tlie expeaxiros 
employed v/ere: no heat, 00°, 70°, 80°, and 90° C. for 20 minutes. 
After incubation at 37° C. for 18 days the tubes wliich shov/od 
proteolysis vrero recorded and those vvliich did not show proteolysis 
v;ei'o cul-burod in fresh Irhnus railk. These transfers T«ere covered mth 
paraffine-vacolino plugs and incubated at 37° C. for 0 days. Tlie re­
su l t s  o f  -Ul io"  t r i a l  a re  g iven  in  Tab le  IX .  and  G - r aph  I I I .  
1'ihon no salt vias  added, proteolysis occurred at a pII as low as 
4.92, bub with 2 per cent salt the lov/est pII at v.hich proteolysis 
occurred v/as 5.39. As tho salt concentration increased tho pH renuired 
to j)rovenb proteolysis increased vintil v.dth 10 per coiib salt proteolysis 
did not ocem"' at pll G.OG or lower. Ebcactly the saix) results wei'o obtain­
ed at all of tho tenperatxa'os studied, ranging from no heat to 90° C. 
for 20 minutes. Tftion thoso tubes whioli did not shoiv* proteolysis wore 
cultui'ed in normal litmus railk all of tliem iiroduced i.Treteelysis, indicat-
TABLE IS 
THE EFFECT 0? THE SALT (ilaCl) COlICEIimTIOIT AIID ES pH OP TIE LSDI'OLi 
on THE HE/iT RBSISTiilTCS OF LIQUSFflHC- dlGAJIISn Cl-6 
LitsuG nilk, vdtli salt added, inoculated rd-tli 48 hour litems nill: 
CTiLtm'e, pH adjusted vrith lactic acid, samples colored vdth 
paraffine-vaseline plur^s and heated. 
Temperature of  incubation 57° C« 
Heat 
« 
lie llaCl 2?i JlaCl :: IfeCl » • 
• « 
HaCl 
• * • • 
* • • « 
imci ; los;^ ITaCl 
treatnient M I ® '  Growth :: • • pE : 5ro%rfch:: pa : Grovrfch:: pH ; GroTrhh * 2 • • pII : SroiTbh: pII :GroTS!th:: 
: 6*60: X * • « ) «  G.38: rc • • • • 6.31: X « 1 • 6.30: X • • 6.30: X : 6.24: X :: 
6.42; 3C • • • • 6.22; .rw i  •  6.17: X : ;  6;07: X • • 6.07: 2: : 6.06; 0 • « • • 
llo • 6;05: X • • «• 5.96: • • »• 5;-85: 5; 93: X • 5.92: 0 r 5.90: 0 1 • 
• 5;75i X »• «« 5.80: •« • • 5.66: .5.G8; X • • 5.68: 0 : 5;65: 0 » • • • 
• 5;49t X :: 5;58; X «• • • 5;57: X • 5;5H: 0 • • 5.57: 0 : 5.55: 0 » • • « 
heat • 5;23: X « • • • 5.39: X • m • • 5.40: 0 • • 5.55: 0 4 • 5.39: 0 : 5;S6: 0 • • 
• • 4.92: X • • • • 5.18: 0 • • # • 5.10: o • 5.18: 0 • • 5.18: 0 : 5.21: e • • » • 
; 6*60: X :: 6.58: X • • • • 6.31; X • • 6.30: X • • 6.50; X ; 6.24; X • « 
60° C. 6.A2S X • • « • 6.22: X • * • • 6;i7; X • 6,07: X • 6.07: X : 6.06: 0 • • 
* 6;05: * « » • 5.96: X « • • • 5.85; X • • 5.93: X : 5.92; 0 : 5490: 0 
for 20 5.75: • • * • 5.80: X • • « • 5.66: X • • 5.68: X : 5.68: 0 : 5,65: 0 • 
5.49: « « • • 5.58: X • • • • 5.57: V • * 5.55: 0 • • 5:57: 0 : 5.55: 0 0 * 
rain. • 5;23s • • • • 5.39: X * • • • 5.40; 0 : 5.35: 0 5,39; 0 : 5.36: 0 
5 4.92; X • • • • 5.18: o • « • • 5.10: o • • 5.18; 0 5.18: 0 : 5.21: 0 
s gas production and proteolycis in the original sanple tube. 
o gas production and proteolysio only after transferring to a fresh tube 
of litaaus nilic containing no salt and having a norinal pH. 
TABLE H: (COIiTIlIUBD) 
neat xTo IlaCl • • • • 
» • 
• • 
2fo HaCl ' i 4;^  IfoCl • • • 
• • 
• • 
^ llaOl * « • • 
* • 
• 
^ HaCl ft • • a 10 ITaCl ft ft ft ft 
• ft ft ft 
treatment 
• 
pH : Grontli:: pli : Grou'th:: pll : C-rorrbh:: pE : Grovrbl i ; :  pii : Lrrox'/th:: pH ; Grovjth;: 
• 
• G.60: X :: 6,38: X • • 6.31: X • • 6.30: z • • • • 6,30: X ft ft • ft 6.34:: X • ft ft ft 
70° C. 6.42: :: G.22; X • V 6.17: X • • • 6.07: X • » ft • 6.07; X ft ft • ft 6.06:; o ft ft ft • 
• 
• 6,05; yi • * • • 5»96: X « » • • 5.85: X • • • 5.93: X :: 5.92: 0 • ft ft ft. 5.90;: 0 ft ft ft • 
for 20 • • 5.755 X • « • • 5.80; X * • • m 5.66: X • • * • 5.68: X • • • » 5.68: o ft ft ft ft 5.65:: o ; ; 
• 
• 5;49: X • « • • 5.58: X « • • » 5.57: X • • • • 5.55: o • » • • 5.57: o :: 5.55:: o ft ft ft ft 
xiin. • • 5;2S: X : t 5.39: X « • • • 5.40: o • • 5.35: o • • • • 5;39: o :: 5.36:; 0 :: 
• 
• 4,92: z :: 5.18: 0 :: 5.10: o • • • « 5.18: 0 « ft • * 5.18; o ft ft ft ft 5.21:; o :: 
• 
• 6.60: X t: 6.38: X • • • • 6.31: X • • « * 6.30: X • » • » 6.30: X :; 6.34:: z ft ft ft ft 
80° C. 6;42: X :: 6.22: X « • • • 6.17: X « • « • 6.07: • • • • 6.07: X :: 6;06:; 0 ft ft • ft 
e;o5: X :: 5;96: X :: 5;85: X » • •> • 5.93; X • • ft • 5;92: 0 ft ft • ft 5.90:; 0 :: 
for 20 t 5;75: X :: 5,80: JZ :: 5^66: X • • • • 5;68: z • • * • 5.68: o :: 5;65:: o ft ft ft ft 
• d»4=di X • • * • 5i58: s • • • • 5,57: X • • • » 5.551 0 • ft • • 5,57: 0 ft ft • « 5.55:: o ft ft ft • 
miT). • 5;23: X • • • • 5;39: z • « • • 5.40: o « • • • 5.35: 0 :: 5.39: 0 :: 5^36:': o ft ft ft ft 
] 4;92: z • • « • 5;i8: 0 :: 5.10: o • • • • 5;i8: 0 :: 5.18: 0 ft ft ft ft 5,21:: o :: 
• 
• 6.60 s X : c 6.38: X • • « • 6.31: X • • • • 6.30: X • « ft • 6.30: X ft ft « • 6.34:: X ft ft ft ft 
90° C. • • 6;42; X • • • • 6;22: X • • * * 6;i7: X « • • • 6;07: z • ft ft • 6;07: X :: 6.06:: o ft a ft ft 
: 6;05: X • • • • 5.96: z :: 5.85: X « • « m 5;93: z • ft * « 5.92: 0 :: 5.90:: 0 ft ft ft ft 
for 20 • • 5;75: •w» • « * • 5;80: z • • • • 5.66: X • • • * 5.68: X ft • ft ft 5.68: 0 ft • « ft 5.65:: 0 ft ft ft ft 
» 
• 5;49: X • • « • 5.58: X • • • • 5.57: X • 4 • » 5.55: 0 ft « ft ft 5;57: 0 ft ft • ft 5.55:: 0 :: 
rain. • • 5;23: IcC :: 5;39: X • • • • 5.40; o « a • « 5.35: o ft ft • • 5.39: 0 ft ft ft ft 5.36:: 0 ft ft ft ft 
• 4.92; z « • • • 5.18: 0 • • • • 5.10; 0 • • • • 5.18: o ft ft ft ft 5.18: 0 ft ft ft ft 5,21:: o :: 
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Graph III. Combinations of pll VDIUOS and salt 
concentration required to prevent proteolysis 
by the liquefying Organism Cl-6, 
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in|;j that the orgcuiisn had not been killed by the oxposuro, but Vt/as 
only inliibitcd by the high salt and lov; pil. 
Descriirfaion of the orf.anisni. Tho orEanisiu tliat vmo found to bo ro-
Gi^onsiblo for llnuofaction in crocun choeso spreads vms studied 
morphologically, culturally, £aid biocheciically. It v<u5 on anaerobic, 
spore forming organism vrhich vras 0.7 by 4 or G laicrons in siae and 
motile by aioans of poritrichous flagolln. Host of tho ctraino formed 
acid ond gao from levxiloso, c°-lactoGo, dextrose, maltose, rinimitol, 
dextrin, aixl glycerol; and a few strrdns also formed acid atid r;as fron 
arabinose, salicin cuid starch. ProB\ the results of tho study, -liio 
or^janism \mG identified as Cloatridiun aporoEonog* It should bo noted 
tliat Csiszar (7 and 3) found Clostridium sporoF;ones to be tho orcmiism 
mjoat cQJiinionly responsible for spoilage in process choeso. 
••58~ 
smn.iAiiY /iiJD coircLusioiis 
As v/as to bo expeotod, the outbreak of gas fonnation in oroom 
choose ispi'oads ms caused by a heat resistant anaorobic or^^anism. Tlie 
organinra V-UD very unusual in its grovfbh .reqiiirenonts, ainco it could 
be grovm only in peptone-litraus lulk, in litEius milk to which a small 
Biaoimt of Roquefort typo ohcoso liad boon added and in Roquefort typo 
cheooe emulsion. 
ITinotoen cultures of the ^aa producin(^ oi'EOjiiGia vroi-o isolated; 12 
como frojn 12 different lots of defective Roquofort typo creoia choose 
opread, ^ from doiaoatic blue choose, and 1 each fron Danish bleu and 
French bleu. The fact -tiiat the organism imc Isolated from Fronch bleu 
and Danish bleu cheoso disproved -tilie theory that tlio gacsiness in creon 
cheooe spreads \ms caused by an organism presenb in domostic blue but not 
proseirfc in tho importod cheeses. 
The gas producing organism \ms foxmd to be very heat resiatant in 
poptono-litmus railk at higli pH values, but as the pH vra.5 leiferod tlic 
heat resistance \ms also lov.Bred. Hio addition of salt in concentrations 
over 2 poi- cent decreased tho heat resistance of tho orcanism at a given 
pll. Since Roquefort typo dieeco contains 4 to 5 x)or cent salt, tho ad­
dition of enougji acid to lowei- tho pH to about 5,40, together vritli the 
holding of tlio cheese at 85° C. for 20 nunutos, should enable tho 
manufactiu'ers of Roquefort type clieose spreads to malce spread in V/iiich 
-59-
gas production does not occur, ovon thougli the organism is knovjn to 
bo prosont in tho chooso. 
Since tho organism \ms BO heat resistant, it \ms J)lacod in tho 
gonus Clostridium, ovon thougli sporoa vrero novor obsGrvod. Tho noiao 
Clostridium poptophiltxm ia proposed for it. Hic description of tho 
organism ia vory meager because it could be grown iji only a vory fow 
modia. 
Liquofaction in cream clioeoo spreads v;as also found to be due to 
the action of a heat resistant anaerobic orgamsEi. Tho organism v/as 
identified as Clostridium sporonenes. 
Clostridium sporogonos vras nob IcLllod by heating at 95° C. for 
20 mimrbes in litmus milk v/ith a pll of 5 .SI and a salt concentration 
of 10 por cent. It vjas possible to inliibit the digestion of tho mil]c 
by combinations of salt concentration and pH, but in all cases the salt 
concentration and pII values wjiich vrould inhibit digestion were too lovr 
to bo usod commercially in cream cheese spreads. 
••G0<» 
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